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Abstract

Background:

Diabetes predisposes to serious complications from coronavirus disease 2019 (COVID-19) but it
is unclear whether background use of glucose-lowering drugs affects clinical outcome.
Methods:

Between January 2020 and February 2021, 1,220 patients with diabetes were admitted to public
health facilities in Hong Kong for confirmed COVID-19. Multivariate Cox regression was used
to examine the association of pre-admission use versus non-use of glucose-lowering drugs
(metformin, sulphonylureas, dipeptidyl peptidase-4 [DPP-4] inhibitors, insulin) with composite
clinical endpoint of intensive care unit (ICU) admission, requirement of invasive mechanical
ventilation, and/or in-hospital death.

Results:

In this cohort (median age 64.7 years, 54.3% men), 60.4%, 31.6%, 16.3% and 22.4% of patients
were treated with metformin, sulphonylureas, DPP-4 inhibitors and insulin before admission,
respectively. In multivariate Cox regression, use of metformin and DPP-4 inhibitors was
associated with reduced incidence of composite endpoint relative to non-use, with respective
hazard ratios of 0.51 (95% confidence interval [CI] 0.34, 0.77, p=0.001) and 0.46 (95% CI 0.29,
0.71, p<0.001), adjusted for age, sex, diabetes duration, HbA 1¢, smoking, comorbidities and
drugs. Insulin and sulphonylurea were correlated with increased hazards of composite endpoint.
Conclusions:

Users of metformin and DPP-4 inhibitors had fewer adverse outcome from COVID-19 compared

with non-users, whereas insulin and sulphonylurea might predict a worse prognosis.
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Strengths and limitations of this study

e This cohort study included over 95% of all patients with COVID-19 in Hong Kong

oNOYTULT D WN =

e Statistical methods including multivariable adjustment and propensity score weighting
have been adopted to adjust for important confounders of the clinical endpoints.

13 e The study is an observational retrospective cohort study with inherent limitations related

15 to unmeasured confounding.

e The study is not able to infer causality given the likelihood of confounding by indication,

20 e.g. with respect to metformin and insulin use.

22 e We reported data in Chinese people and our results cannot be generalised to other ethnic

groups.

29 Introduction

Patients with diabetes are more likely to have serious outcome from coronavirus infections

34 including severe acute respiratory syndrome (SARS), Middle-East respiratory syndrome (MERS)
36 and coronavirus disease 2019 (COVID-19) (1-6). In a population-based analysis of in-hospital

38 fatalities due to COVID-19 in the United Kingdom, type 1 diabetes and type 2 diabetes were
associated with increased odds of 3.5 and 2.0 for death, adjusted for age, sex and

43 sociodemographic factors (6). The excess deaths might be related to co-occurrence of other

45 medical conditions such as obesity and cardiovascular diseases that are independent risk factors
for adverse outcome (7-10). Furthermore, diabetes gives rise to aberrant inflammatory responses
50 which predispose to more intense lung infiltration, cytokine storm and multiorgan failure (11).

52 Pro-inflammatory indicators such as interleukin (IL)-6, IL-2 receptor, procalcitonin, tumour
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necrosis factor (TNF)-a and C-reactive protein (CRP) levels are generally higher in patients with

diabetes compared with those without diabetes (12).

Several glucose-lowering drug classes have immunomodulatory effects. Metformin activates
AMP-activated protein kinase (AMPK) which in turn suppresses a number of inflammatory
pathways including nuclear factor kappa B and mammalian target of rapamycin (13,14).
Activation of AMPK also stabilises angiotensin converting enzyme (ACE) 2, the vasodilator
effect of which improve organ blood flow and may protect against lung injury (15). Both
observational cohort and randomised controlled studies reported reduced risks of pneumonia and
other infections with metformin therapy (16,17). Dipeptidyl peptidase-4 (DPP-4), also known as
cluster of differentiation (CD) 26, is expressed in immune cells and is implicated in the
regulation of adaptive immunity (18). In a case-control study of patients with COVID-19, in-
hospital treatment with sitagliptin was linked to improved survival and other measures of clinical
outcome (19). However, the beneficial effects of DPP-4 inhibitors have not been supported by
other studies (20-22). In a territory-wide retrospective cohort of confirmed cases of COVID-19
between January 2020 and February 2021, we investigated the association between baseline use

of glucose-lowering drugs and serious clinical outcome among patients with type 2 diabetes.

Methods

Setting and patients

The Hong Kong Hospital Authority (HA) governs all public hospitals and general out-patient
departments in the territory and provides care for approximately 10% of local residents (23).

Since the beginning of the pandemic, all cases of COVID-19, including symptomatic cases

5

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 7 of 43

oNOYTULT D WN =

BMJ Open

presented to out-patient clinics or hospitals, asymptomatic contacts of confirmed cases, and
inbound travellers, were admitted to HA healthcare facilities. Clinical data including past
medical diagnoses, drug prescription records, laboratory results, admission records and vital
status were captured in the Clinical Data Analysis and Reporting System (CDARS), an electronic
medical record system used in the Hong Kong HA. We retrieved data of all patients presented
with COVID-19 who admitted between 23 January 2020 (the first case in Hong Kong) and 28
February 2021 (24). All patient data were anonymised to ensure confidentiality. Patients aged
below 18 years were excluded. This study was approved by the Joint Chinese University of Hong

Kong — New Territories East Cluster Clinical Research Ethics Committee.

Data collection

Patients with COVID-19 were identified based on positive SARS-CoV-2 polymerase chain
reaction in nasopharyngeal swab in any one of the HA laboratories (25). For each patient, we
obtained demographic data (age, sex), relevant diagnoses using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, drug prescription record for
at least 12 months before admission, laboratory results for plasma glucose, HbAlc and lipid
profile for at least 12 months before admission, as well as plasma glucose, kidney function, liver
function, inflammatory markers, haematology and coagulation study on the day of admission.
Progress during admission including treatment with corticosteroid, intravenous immunoglobulin,
anti-viral therapy, anti-fungal therapy, antibiotic therapy, mechanical ventilation, and transfer to
intensive care unit (ICU) were also retrieved. Patients were followed from the date of diagnosing

COVID-19 until discharge from hospital or death. Data capture was censored on 24 April 2021.

6
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Definition and outcome

A patient was classified to have type 2 diabetes if he or she fulfilled one or more of the following
criteria within 12 months before admission: use of non-insulin glucose-lowering drugs for at
least one day, continuous use of insulin for >28 days, HbAlc >6.5% in any one measurement,
fasting plasma glucose >7.0 mmol/L in any one measurement, and/or diagnosis code of type 2

diabetes based on ICD-9-CM.

Baseline use of glucose-lowering drugs, including metformin, sulphonylureas (glibenclamide,
gliclazide, glimepiride, glipizide), DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin,
sitagliptin, vildagliptin), and insulin, was identified based on prescription record of the respective
drug. Patients were considered to be baseline users if a prescription record was found within 12
months before and up to the day of admission. Patients were considered to be non-users if a
prescription record was not found within 12 months before admission, on the day of and during
admission. We have not set a minimum exposure time to define users because patients who
attended the private sector for diabetes treatment would not have any prescription records in the
HA CDARS before admission, but they would have a prescription record on the day of
admission indicating their pre-admission use of the drug. The proportion of patients receiving

medical care in the private sector is around 10% (23).

Relevant comorbidities were identified as follows: hypertension was defined as the use of blood
pressuring lowering drugs within 12 months before admission and/or ICD-9-CM code of
hypertension (Supplementary Table 1); chronic kidney disease was defined as having an

estimated glomerular filtration rate <60 ml/min/1.73m? as determined using the Chronic Kidney

7
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Disease Epidemiology Collaboration equation within 12 months prior to admission and/or ICD-
9-CM codes of kidney diseases (Supplementary Table 1); chronic liver disease, coronary heart
disease, congestive heart failure, cerebrovascular disease, chronic obstructive airway disease and
cancer were defined based on ICD-9-CM codes (Supplementary Table 1). The use of ICD-9-CM
codes in CDARS to identify medical conditions has been shown to be 99% accurate when
referenced to clinical, laboratory, imaging and endoscopy results from the electronic medical
records (26). Clinical endpoints included ICU admission, mechanical ventilation, in-hospital
death, and composite endpoint of ICU admission, mechanical ventilation and/or in-hospital

death. .

Statistical analysis

Analysis was conducted using R software (4.0.0). Continuous variables were expressed as mean
+ standard deviation (SD) or median (interquartile range [IQR]), as appropriate, and categorical
variables as number (percentages). Between-group comparison was conducted by chi-square test
for categorical variables, Student’s t-test for normally distributed continuous variables, and
Kruskal-Wallis test for continuous variables with skewed distribution. Clinical characteristics
were compared between users and non-users of metformin, sulphonylureas (glibenclamide,
gliclazide, glimepiride, glipizide), DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin,
sitagliptin, vildagliptin), and insulin. Due to small number, use of thiazolidinediones, glucagon-
like peptide-1 receptor agonists and sodium-glucose transport protein 2 inhibitors were not
tested. Multivariate Cox regression was conducted to derive the hazard ratios (HRs) and 95%
confidence intervals (Cls) of use versus non-use of metformin, sulphonylureas, DPP-4 inhibitors

and insulin for primary and secondary clinical endpoints. The multivariate Cox model was
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adjusted for age, sex, diabetes duration, smoking, HbAlc, comorbidities (history of
hypertension, coronary heart disease, congestive heart failure, cerebrovascular disease, chronic
kidney disease, chronic liver disease, chronic obstructive airway disease, and cancer), baseline
use of other glucose-lowering drugs, statins and renin-angiotensin-aldosterone system (RAAS)
inhibitors, and in-hospital use of other glucose-lowering drugs. The multivariate Cox regression
was limited to patients with available HbA1c measurement (n=886) in whom the latest HbAlc
obtained within 12 months of hospital admission was used. The selection of variables was based
on known or possible link between these variables and clinical endpoints. Due to the small
proportion of patients with available data on body mass index (BMI) (9.3%), BMI was not
included in the multivariate Cox regression model. In a sensitivity analysis, we generated
propensity scores for glucose-lowering drug use using logistic regression model that contained
age, sex, smoking, diabetes duration, comorbidities and baseline use of other glucose lowering
drugs, statins and RAAS inhibitors using the overlap propensity score weighting method (27).
The weights were included in the multivariate Cox models to balance the differences in patient

characteristics between glucose-lowering drug use groups.

Patient and Public Involvement

There was no patient or public involvement.

Results
Baseline clinical characteristics by glucose lowering drug classes
Of 9,839 adult patients with COVID-19, 1,220 patients (12.4%) had type 2 diabetes. Patients

with diabetes were older, had a male preponderance and higher frequencies of comorbidities than

9
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those without diabetes (Supplementary Table 2). In patients with diabetes, 737 (60.4%) were

treated with metformin, 385 (31.6%) with sulphonylureas, 199 (16.3%) with DPP-4 inhibitors,

oNOYTULT D WN =

and 273 (22.4%) with insulin at baseline. Generally, users of each of the glucose-lowering drug
10 class had longer diabetes duration and higher HbA 1c levels than non-users of the respective drug
class (Table 1). Metformin users were younger and users of insulin and DPP-4 inhibitors were

15 older than their respective non-users, whilst no age difference was detected between users and

17 non-users of sulphonylureas (Table 1). Coronary heart disease and heart failure were less
common in metformin users and more common in insulin users when compared to their

22 respective non-users (Table 1). Chronic kidney disease was also less common in metformin users

24 but more prevalent among users than non-users of other glucose-lowering drug classes (Table 1).

29 Markers of disease severity and outcome by glucose lowering drug classes

31 On admission, random plasma glucose levels were higher in users than non-users of most oral
33 glucose-lowering drugs, except for DPP-4 inhibitors (Supplementary Table 3). In addition,
metformin users had higher lymphocyte count, lower alkaline phosphatase (ALP) levels and

38 lactate dehydrogenase (LDH) levels than metformin non-users (Supplementary Table 3). Users
40 of sulphonylureas had higher CRP levels and total white cell count, and users of DPP-4
inhibitors had higher total white cell count compared with respective non-users (Supplementary
45 Table 3). Insulin users had higher plasma glucose levels, higher levels of most inflammatory

47 markers including LDH, CRP, erythrocyte sedimentation rate and procalcitonin, and lower

lymphocyte count than insulin non-users (Supplementary Table 3).

58 10
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There were overall no differences in the proportion of patients receiving most types of anti-
microbial therapy, corticosteroid and IVIG between users and non-users of metformin,
sulphonylureas and DPP-4 inhibitors, with the exception of less frequent administration of
antibiotics among metformin users and more frequent use of anti-fungal therapy among users of
sulphonylureas and DPP-4 inhibitors (Supplementary Table 3). Insulin users were more likely to
be treated with anti-microbial therapy and corticosteroid than non-users (Supplementary Table

3).

During admission, 235 patients (19.3%) developed composite primary endpoint, 187 patients
(15.3%) were transferred to ICU, 110 patients (9.0%) required mechanical ventilation, and 90
patients (7.4%) died. Fewer metformin users reached composite endpoint (117.2% versus 27.6%,
p=0.001 or died (4.0% versus 17.3%, p<0.001) compared with non-users (Table 2). Users of
sulphonlyureas and insulin were more likely than non-users to reach composite endpoint,
required ICU admission and mechanical ventilation, and insulin users were also more likely to
die than non-users (Table 2). The proportion of patients developing primary or secondary

endpoints were similar between users and non-users of DPP-4 inhibitors (Table 2).

Association between pre-admission use of glucose lowering drugs and clinical outcome

In multivariate Cox regression model, baseline use of metformin was associated with reduced
hazards of composite endpoint of ICU admission, mechanical ventilation and/or in-hospital death
(adjusted HR 0.51 [95% CI 0.34, 0.77], p=0.001) and individual endpoints of ICU admission
(adjusted HR 0.53 [95% CI 0.33, 0.86], p=0.010), mechanical ventilation (adjusted HR 0.51

[95% CI1 0.27, 0.97], p=0.041) and in-hospital death (adjusted HR 0.51 [95% CI 0.27, 0.97],

11
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p=0.039) relative to non-use (Table 3). Baseline use of DPP-4 inhibitors was associated with
reduced hazards of composite endpoint (adjusted HR 0.46 [95% CI 0.29, 0.71], p<0.001) and
ICU admission (adjusted HR 0.45 [95% CI 0.28, 0.74]. p=0.002) (Table 3). Use of
sulphonlyureas (adjusted HR 1.55 [95% CI 1.07, 2.24], p=0.022) and insulin (adjusted HR 6.34
[95% CI 3.72, 10.78], p<0.001) were both correlated with increased hazards of composite
endpoint (Table 3). Sensitivity analysis using multivariate Cox regression with propensity score

weighting yielded similar findings (Supplementary Table 4).

Discussion

In a territory-wide cohort of patients with diabetes presented with COVID-19, we showed that
pre-admission use of metformin and DPP-4 inhibitors was linked to reduced risks of serious
outcome, whereas the use of sulphonylureas and insulin was associated with a worse prognosis
Our findings corroborate and extend the results of previous studies and suggest a possible
protective role of metformin and DPP-4 inhibitors against severe respiratory tract infection. The
strength of our study includes the unbiased nature of the cohort as the database captured all
patients with COVID-19 in Hong Kong. Both symptomatic and asymptomatic patients were
admitted to healthcare facilities and their clinical data were included in the present analysis.
Furthermore, the use of a universal electronic medical record for drug prescription ensures that

we have accurately classified use and non-use of different glucose-lowering drug classes.

Metformin, infection and COVID-19
Several observational studies in patients hospitalised with COVID-19 reported the association

between metformin use and death and other measures of adverse outcome (22, 28-31). In a

12
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nationwide study conducted in England including 2.85 million patients with type 2 diabetes
among whom 13,479 had a record of COVID-19-related deaths, those prescribed metformin had
fewer deaths with adjusted HR 0.77 when compared to those not prescribed metformin (22). In
another study of 6,256 patients (mean age 75 years) with either type 2 diabetes or obesity
admitted with COVID-19 in the United States (U.S), metformin use was found to reduce the risk
of death in women with HR 0.79 adjusted for age and comorbidities although no effect was
observed in men (28). Other studies, conducted mainly in the U.S, also noted a protective effect
of metformin with adjusted odds or HR ranging between 0.33 and 0.48 (29,30). However, in an
analysis of 1,317 patients (mean age 70 years) with COVID-19 and diabetes in France,
metformin was associated with fewer deaths in univariate but not in multivariate analysis (7).
Similarly, among 1,297 patients (mean age 75 years) with diabetes hospitalised for COVID-19 in
Spain, the group on metformin were less likely to die and/or require ICU admission or
mechanical ventilation than non-users, but no difference was detected when the two groups were
propensity matched for demographics, comorbidities and drugs (20). In the present study, we
found that metformin was associated with 50% reduction in the risk of in-hospital deaths and
50% reduction in the risk of composite clinical endpoint. The inconsistency in findings between
studies could be due to a number of factors, including but not limited to differences in age and
disease characteristics of the patient cohorts and in the statistical methods used to examine drug
effects. One of the limitations of our study is the high proportion of patients with missing
information on anthropometric measures and we did not include these variables in multivariate
adjustment. Furthermore, confounding by indication remained an important source of bias in our
study as patients who were not prescribed metformin might have other medical conditions, for

example, malnutrition, kidney or liver diseases, that contraindicated the use of metformin and

13
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conferred a poorer prognosis from COVID-19 (32). Nonetheless, our results are in line with most
other studies suggesting possible benefits of metformin, or at least no evidence of harm, in

patients with type 2 diabetes afflicted by COVID-19.

The immunomodulatory action of metformin has been demonstrated in cell and animal models as
well as in human studies, and is independent of the metabolic function of the drug (13). In a
recent randomised control trial of 53 patients taking systemic glucocorticoid for inflammatory
diseases, those assigned metformin had reduced levels of high sensitivity CRP and neutrophil
counts, accompanied by lower frequencies of pneumonia and moderate-to-severe infection than
the placebo arm over a 12-week period (33). In the present study, metformin users had lower
LDH levels and higher lymphocyte counts on admission than non-users. In infected patients,
metformin may dampen the exaggerated immune reaction to SARS-CoV-2 which is causal for

the development of severe lung injury and cytokine storms associated with type 2 diabetes (11).

DPP-4 inhibitors and COVID-19

Dipeptidyl-peptidase-4 inhibitors have pleiotropic effects on the immune system and the effect of
this drug class as an ancillary treatment of inflammatory diseases such as rheumatoid arthritis
and viral infections have been previously examined (18). Moreover, DPP-4 is a known receptor
for MERS-CoV in human.It has been speculated that DPP-4 may also mediate the entry of
SARS-CoV-2, although the evidences for this are yet to be consolidated (34,35). In an Italian
study of 338 patients with diabetes admitted with COVID-19, in-hospital initiation of sitagliptin
reduced deaths by 56% and ICU admission by 49% (19). Another case series in Italy including

90 patients with diabetes reported fewer COVID-19-related deaths among prevalent users of
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DPP-4 inhibitors adjusted for age and sex (36). In the present study, baseline use of DPP-4
inhibitors was associated with reduced risk of composite clinical endpoint although in-hospital
deaths were not reduced. Notably, several observational studies did not find an association
between DPP-4 inhibitors and complications from COVID-19 (20,21). In particular, in the large
study conducted in England, COVID-19-related deaths occurred more frequently in patients
prescribed DPP-4 inhibitors (22). Differences in statistical procedures may account for the
inconsistent findings. Further studies are needed to investigate whether long-term exposure of

this drug class can improve prognosis of coronavirus infection.

Insulin and COVID-19

We revealed a positive relationship between pre-admission insulin use and composite clinical
outcome, driven mainly by increased hazards for ICU admission and mechanical ventilation
among insulin users. Our results are consistent with several other studies suggesting that insulin
use may predict a worse outcome from COVID-19 (20,37). Insulin therapy is usually initiated
late in the diabetes continuum and it is very possible that the positive association between insulin
use and adverse outcome was due to incomplete statistical removal of confounding by indication.
In the present study, insulin users were significantly older and were more likely to have
premorbid kidney and cardiovascular diseases. On admission, insulin users also had higher
inflammatory markers and lower lymphocyte counts which are important severity indicators.
Although insulin therapy is deemed the most appropriate glucose-lowering option during acute
illnesses, high level of vigilance should be maintained in managing patients on chronic insulin

therapy who have a greater likelihood of deterioration.
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Sulphonylurea and COVID-19

The risk association between sulphonylureas and in-hospital death was less expected and not
well explained. In Hong Kong, sulphonylureas is widely prescribed as a second-line drug after
metformin. In the present cohort, the frequencies of comorbidities were mostly balanced between
users and non-users of sulphonylureas with the exception of a higher prevalence of chronic
kidney disease among users. Previous studies on COVID-19 did not show harm associated with
sulphonylurea use. Glyburide has been shown to suppress the immune system but studies on the

use of sulphonylurea with infection outcome have produced mixed results (38).

Limitations

We acknowledge the following limitations. This was an observational cohort study with inherent
limitations related to unmeasured confounding. Metabolic parameters including BMI were not
available in a large proportion of patients and these variables were not included in the statistical
adjustment. Despite statistical efforts to adjust for comorbidities, we could not fully address
residual confounding by drug indication. In this connection, our results cannot be taken to infer
causality between drug use and clinical outcome. Although we have included over 95% of all
patients with COVID-19 in Hong Kong, the size of our cohort was relatively small. We reported

data in Chinese people and our results cannot be generalised to other ethnic groups.

Conclusion
In this retrospective cohort of Chinese with type 2 diabetes, background use of metformin and
DPP-4 inhibitors was associated with fewer complications of COVID-19, whereas insulin and

sulphonylureas predicted a worse prognosis. Given the increased risk for serious infection in
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patients with diabetes, drugs with off-target action in immune pathways could be further
evaluated for potential new application beyond the ambit of their original indication and be

harnessed for use in modifying outcome from infectious diseases.
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Table 1: Clinical characteristics of patients with type 2 diabetes according to pre-admission use or non-use of metformin,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Metformin Sulphonylureas DPP-4 inhibitors Insulin
Non- Non- Non- Non-
Users p-value | Users p-value | Users p-value | Users p-value
users users users users
Number 737 254 385 679 199 952 273 623
Demographics
65.6 68.9 66.0 65.3 67.0 65.1 68.6 63.3
Age, years (57.7, (61.3, | <0.001 | (58.5, (57.3, 0.656 (58.4, (56.8, 0.029 (60.1, (65.1, | <0.001
72.6) 79.7) 73.1) 73.6) 75.5) 72.2) 75.6) 71.1)
405 131 222 350 118 506 163 322
Men, n (%) 0.391 0.063 0.133 0.032
(55.0) | (51.6) (57.7) (51.5) (59.3) | (53.2) (59.7) | (51.7)
Ex- or current 125 49 70 113 34 163 55 107
0.443 0.687 0.818 0.002
smoker (17.0) | (19.3) (18.2) (16.6) 7.1y | (17.1) (20.1) | (17.2)
Metabolic parameters
1.8 1.2 1.8 1.3 3.9 1.4 5.0 1.4
Diabetes
) (1.4, (0.5, <0.001 (1.4, (0.0, <0.001 (1.5, (0.0, <0.001 (1.5, (0.3, <0.001
duration, years
6.4) 2.5) 7.6) 1.9) 11.3) 1.9) 11.5) 1.8)
24.1 23.7 24.4 235 25.0 23.6 22.9 24.4
BMI, kg/m? (21.5, (22.2, 0.670 (21.8, (21.5, 0.382 (18.7, (21.6, 0.636 (19.8, (22.2, 0.051
27.7) 27.0) 27.8) 27.0) 27.0) 27.4) 25.9) 27.4)
27
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7.3 6.6 7.7 6.9 7.6 7.2 7.8 6.9
HbAlc, % (6.6, (6.1, <0.001 (6.9, (6.4, <0.001 (6.8, (6.5, 0.027 (6.9, (6.4, <0.001
8.5) 7.8) 9.1) 8.2) 8.9) 8.9) 9.7) 8.0)
2.1 2.4 2.1 2.2 2.0 2.3 2.1 2.2
LDL-cholesterol,
(1.7, (1.7, 0.004 (1.7, (1.7, 0.081 (1.5, (1.7, <0.001 (1.6, (1.8, 0.174
mmol/L
2.7) 3.0) 2.6) 2.8) 2.5) 2.8) 2.8) 2.8)
1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
HDL-cholesterol,
(1.0, (1.0, 0.857 (1.0, (1.0, 0.17 (1.0, (1.0, 0.311 (0.9, (1.0, 0.003
mmol/L
1.5) 1.5) 1.4) 1.5) 1.4) 1.5) 1.4) 1.5)
1.3 1.4 1.3 1.4 1.4 1.4 1.3 1.4
Triglyceride,
(0.9, (1.0, 0.093 (1.0, (0.9, 0.666 (1.0, (1.0, 0.774 (1.0, (0.9, 0.986
mmol/L
1.9) 2.0) 1.9) 2.0) 1.9) 2.0) 1.9) 2.0)
Comorbidities, n (%)
465 144 267 329 123 498 154 333
Hypertension 0.083 <0.001 0.018 0.456
(63.1) (56.7) (69.4) (48.5) (61.8) (52.3) (56.4) (53.5)
Coronary heart 76 48 45 79 30 96 43 66
0.001 1 0.054 0.039
disease (10.3) (18.9) (11.7) (11.6) (15.1) (10.1) (15.8) (10.6)
13 11 17
Heart failure 22 (3.0) | 22 (8.7) | <0.001 29 (4.3) | 0.578 32(3.4) | 0.208 18(2.9) | 0.029
(3.4) (5.5 (6.2)
Cerebrovascular 40 31 72 26 28
_ 66 (9.0) 0.004 0.213 82 (8.6) | 0.068 49 (7.9) | 0.296
disease (15.7) (8.1) (10.6) (13.1) (10.3)
Chronic kidney 144 96 98 135 72 164 108 90
<0.001 0.042 <0.001 <0.001
disease (19.5) (37.8) (25.5) (19.9) (36.2) (17.2) (39.6) (14.4)
28
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Chronic liver 16 13
. 26 (3.5) | 17(6.7) | 0.050 27 (4.0) 1 9@4.5) | 34(3.6) | 0.661 24 (3.9) | 0.655
disease 4.2) (4.8)
Chronic
23 10 13
obstructive 39(5.3) | 19(7.5) | 0.260 35(5.2) | 0.671 50 (5.3) 1 39(6.3) | 0.467
) ) (6.0) (5.0) (4.8)
airway disease
35 18 12 20
Cancer 41 (5.6) <0.001 58 (8.5) | 0.026 70 (7.4) | 0.611 44 (7.1) 1
(13.8) 4.7 (6.0) (7.3)
Baseline drug use, n (%)
737 352 343 169 534 208 361
Metformin 0(0.0) | <0.001 <0.001 <0.001 <0.001
(100.0) 91.4) (50.5) (84.9) (56.1) (76.2) (57.9)
352 27 385 123 240 120 165
Sulphonylureas <0.001 0(0.0) | <0.001 <0.001 <0.001
(47.8) (10.6) (100.0) (61.8) (25.2) (44.0) (26.5)
169 28 123 71 199 99 64
DPP-4 inhibitors <0.001 <0.001 0(0.0) | <0.001 <0.001
(22.9) (11.0) (31.9) (10.5) (100.0) (36.3) (10.3)
Thiazolidine- 84 58 39 38
. 6(2.4) | <0.001 31 (4.6) | <0.001 50(5.3) | <0.001 34(5.5) | <0.001
diones (11.4) (15.1) (19.6) (13.9)
SGLT-2 70 37 41 41
o 8(3.2) | 0.002 41 (6.0) | 0.043 34 (3.6) | <0.001 24 (3.9) | <0.001
inhibitors 9.5) (9.6) (20.6) (15.0)
GLPI receptor 11
) 2(0.8) | 0.533 4(1.0) | 9(1.3) | 0.779 4(2.0) | 8(0.8) | 0.138 7(2.6) | 5(0.8) | 0.053
agonists (1.5)
208 49 120 129 99 157 273
Insulin 0.007 <0.001 <0.001 0(0.0) | <0.001
(28.2) (19.3) (31.2) (19.0) (49.7) (16.5) (100.0)
546 138 294 379 153 528 190 366
Statins <0.001 <0.001 <0.001 0.003
(74.1) (54.3) (76.4) (55.8) (76.9) (55.5) (69.6) (58.7)
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Blood pressure 473 165 250 381 129 529 177 345
0.882 0.006 0.020 0.010
lowering drugs (64.2) (65.0) (64.9) (56.1) (64.8) (55.6) (64.8) (55.4)

440 126 248 303 134 428 165 286
RAAS inhibitors 0.006 <0.001 <0.001 <0.001
(59.7) | (49.6) (64.4) | (44.6) (67.3) | (45.0) (60.4) | (45.9)

oNOYTULT D WN =

12 Data are presented as mean + standard deviation or median (interquartile range) for continuous variables, and number (percentage) for categorical
14 variables
16 BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP1, glucagon-like peptide 1; HDL, high density-lipoprotein; LDL, low density-

lipoprotein; RAAS, renin-angiotensin-aldosterone system; SGLT-2, sodium glucose co-transporter-2
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Table 2: Clinical outcome from COVID-19 according to baseline use or non-use of metformin, sulphonylureas, DPP-4 inhibitors and

insulin
Metformin Sulphonylureas DPP-4 inhibitors Insulin
Non- Non- Non- Non-
Users p-value | Users p-value | Users p-value | Users p-value
users users users users
ICU admission, n 108 43 79 79 32 136 76
0.442 <0.001 0.588 17 (2.7) | <0.001
(%) (14.7) | (16.9) (20.5) | (11.6) (16.1) | (14.3) (27.8)
Mechanical 67 51 22 51
24.(9.5) | 0.965 43 (6.3) | <0.001 78 (8.2) | 0.244 4(0.6) | <0.001
ventilation, n (%) 9.1 (13.2) (11.1) (18.7)
In-hospital death, 44 44 35 18 32
<0.001 47(6.9) | 0.248 71(7.5) | 0.538 22 (3.5) | <0.001
n (%) (6.0) (17.3) 9.1 9.1 1.7
ICU admission,
mechanical
127 70 91 109 40 175 88
ventilation and/or 0.001 0.003 0.642 35(5.6) | <0.001
(17.2) | (27.6) (23.6) | (16.1) (20.1) | (18.4) (32.2)
in-hospital death,
n (%)
DPP-4, dipeptidyl peptidase-4; ICU, intensive care unit
31
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Table 3: Multivariate Cox regression for the association between baseline use of glucose lowering drugs and clinical outcome

in-hospital death

Metformin Sulphonylureas DPP-4 inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

ICU admission 0.53 (0.33, 0.86) 0.01 1.45(0.96,2.19) | 0.074 0.45(0.28,0.74) | 0.002 | 10.95(5.5,21.8) | <0.001
Mechanical 21.99 (4.85,

o 0.51(0.27,0.97) | 0.041 1.35(0.78,2.36) | 0.286 0.57(0.29, 1.11) | 0.098 <0.001
ventilation 99.6)
In-hospital death 0.51(0.27,0.97) | 0.039 242 (1.25,4.7) 0.009 0.70 (0.35,1.39) | 0.304 | 2.86(1.09,7.48) | 0.033
ICU admission,
mechanical 6.34 (3.72,

o 0.51(0.34,0.77) | 0.001 1.55(1.07,2.24) | 0.022 0.46 (0.29,0.71) | <0.001 <0.001
ventilation and/or 10.78)

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular

disease, chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), pre-admission use of other glucose-lowering

drugs, statins, and RAAS inhibitors, and in-hospital use of other glucose-lowering drugs

CI, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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Supplementary Table 1: International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) diagnosis and procedure codes for comorbidities

Disease CII\?I%—(?(-le Description
Cardiovascular diseases
401 Essential hypertension
. 402 Hypertensive heart disease
Hypertension and . L .
hvpertensive diseases 403 Hype.rtenswe chronic quney dlseasc?
yP 404 Hypertensive heart and chronic kidney disease
405 Secondary hypertension
410 Acute myocardial infarction
411 Other acute and subacute forms of ischemic heart disease
Coronary heart 412 old dial infarcti
disease myocardial infarction
413 Angina pectoris
414 Other forms of chronic ischemic heart disease
Heart failure 428 Heart failure
Chronic liver disease
Chronic liver disease,
liver failure, liver
cirrhosis and 570 Chronic liver disease and cirrhosis
complications
Diabetes mellitus
Diabetes mellitus 250 Diabetes mellitus
Cancer
140-149 Malignant neoplasm of lip, oral cavity, and pharynx
150-159 Malignant neoplasm of digestive organs and peritoneum
160-165 Malignant neoplasm of respiratory and intrathoracic organ
Malignant neoplasm 170-176 Malignant neoplasm of bone, connective tissue, skin, and breast
179-189 Malignant neoplasm of genitourinary organs
190-199 Malignant neoplasm of other and unspecified sites
200-209 Malignant neoplasm of lymphatic and hematopoietic tissue
Cerebrovascular disease
430 Subarachnoid haemorrhage
431 Intracerebral haemorrhage
432 Other and unspecified intracranial haemorrhage
Cerebrovascular 433 Occlusion and §tenosis of precereb.ral arteries
events 434 Occlus.lon of cerebrgl arteries
435 Transient cerebral ischemia
436 Acute, but ill-defined, cerebrovascular disease
437 Other and ill-defined cerebrovascular disease
438 Late effects of cerebrovascular disease

Chronic obstructive airway disease

Chronic obstructive
pulmonary disease 490-496
and allied conditions

Chronic obstructive pulmonary disease and allied conditions

Kidney diseases

581
582
Nephritis, nephrotic 583
syndrome, and 585
nephrosis 586
587
588

Others 403.1

403.9

04.12404.1

Nephrotic syndrome
Chronic glomerulonephritis
Nephritis and nephropathy not specified as acute or chronic
Chronic kidney disease
Renal failure, unspecified
Renal sclerosis, unspecified
Disorders resulting from impaired renal function

Benign hypertensive renal disease
Unspecified hypertensive renal disease
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3
404.1
404.9
753.12
753.13
753.14
274.1
593.6
593.9

BMJ Open

Benign hypertensive heart and renal disease
Unspecified hypertensive heart and renal disease
Polycystic kidney, unspecified type
Polycystic kidney, autosomal dominant
Polycystic kidney, autosomal recessive
Gouty nephropathy
Postural proteinuria
Unspecified disorder of kidney and ureter

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

Supplementary Table 2: Baseline clinical characteristics and in-hospital outcome of patients with and without type 2 diabetes admitted with

BMJ Open

COVID-19 in Hong Kong between January 2020 and February 2021

Patients with diabetes

Patients without diabetes

Number (%) with Number (%) with

available data available data p-value
Demographics
Age, years 1220 (100.0) 65.3(57.1,73.1) 9839 (100.0) 44.6 (32.3, 58.6) <0.001
Men, n (%) 1220 (100.0) 662 (54.3) 9839 (100.0) 4047 (47.0) <0.001
Ex- or current smoker 1220 (100.0) 209 (17.1) 9839 (100.0) 868 (10.1) 0.001
Metabolic parameters
Diabetes duration, years 1220 (100.0) 1.4 (0.3,3.4) - - -
BMI, kg/m? 114 (9.3) 23.6 (21.5,27.3) 598 (6.1) 23.5(20.9, 26.5) 0.380
HbAlc, % 886 (72.6) 7.4 (6.6,9.2) 1901 (19.3) 5.8(5.4,6.3) <0.001
Comorbidities, n (%)
Hypertension 1220 (100.0) 644 (52.8) 9839 (100.0) 815 (9.5) <0.001
Coronary heart disease 1220 (100.0) 130 (10.7) 9839 (100.0) 148 (1.7) <0.001
Heart failure 1220 (100.0) 44 (3.6) 9839 (100.0) 44 (0.5) <0.001
Cerebrovascular disease 1220 (100.0) 111 (9.1) 9839 (100.0) 148 (1.7) <0.001
Chronic kidney disease 1220 (100.0) 249 (20.4) 9839 (100.0) 235 (2.7) <0.001
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Chronic liver disease 1220 (100.0) 44 (3.6) 9839 (100.0) 44 (0.5) <0.001
Qhronic Qbstructive 1220 (100.0) 61 (5.0) 9839 (100.0) 2352.7) <0.001
airway disease
Cancer 1220 (100.0) 83 (6.8) 9839 (100.0) 180 (2.1) <0.001
Baseline drug use, n (%)
Metformin 1220 (100.0) 737 (60.4) 9839 (100.0) 0 <0.001
Sulphonylureas 1220 (100.0) 385 (31.6) 9839 (100.0) 0 <0.001
DPP-4 inhibitors 1220 (100.0) 199 (16.3) 9839 (100.0) 0 <0.001
Thiazolidinediones 1220 (100.0) 90 (7.4) 9839 (100.0) 0 <0.001
SGLT-2 inhibitors 1220 (100.0) 78 (6.4) 9839 (100.0) 0 <0.001
GLP1 receptor agonists 1220 (100.0) 13 (1.1) 9839 (100.0) 0 0.011
Insulin 1220 (100.0) 273 (22.4) 9839 (100.0) 0 <0.001
Statins 1220 (100.0) 709 (58.1) 9839 (100.0) 572 (6.6) <0.001
EIOOd pressure lowering 1220 (100.0) 691 (56.6) 9839 (100.0) 1108 (12.9) <0.001
rugs
RAAS inhibitors 1220 (100.0) 590 (48.4) 9839 (100.0) 452 (5.2) <0.001
In-hospital treatment, n (%)
Oseltamivir 1220 (100.0) 16 (1.3) 9839 (100.0) 63 (0.7) 0.051
Ribavirin 1220 (100.0) 396 (32.5) 9839 (100.0) 1823 (21.2) <0.001
Lopinavir-ritonavir 1220 (100.0) 335 (27.5) 9839 (100.0) 1542 (17.9) <0.001
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Interferon beta 1220 (100.0) 725 (59.4) 9839 (100.0) 2702 (31.3) <0.001
Antibiotic therapy 1220 (100.0) 755 (61.9) 9839 (100.0) 2769 (32.1) <0.001
Anti-fungal therapy 1220 (100.0) 124 (10.2) 9839 (100.0) 265 (3.1) <0.001
Corticosteroid 1220 (100.0) 623 (51.1) 9839 (100.0) 1747 (20.3) <0.001
Pulse methylprednisolone 1220 (100.0) 5(0.4) 9839 (100.0) 7(0.1) 0.011
Intravgnous immune 1220 (100.0) 6 (0.5) 9839 (100.0) 9(0.1) 0.007
globulin
Clinical outcome, n (%)
ICU admission 1220 (100.0) 187 (15.3) 9839 (100.0) 269 (3.1) <0.001
Mechanical ventilation 1220 (100.0) 110 (9.0) 9839 (100.0) 142 (1.7) <0.001
In-hospital death 1220 (100.0) 90 (7.4) 9839 (100.0) 105 (1.2) <0.001
ICU admission,
mechanical ventilation 1220 (100.0) 235 (19.3) 9839 (100.0) 340 (3.9) <0.001
and/or in-hospital death

Data are presented as mean + standard deviation or median (interquartile range) for continuous variables, and number (percentage) for categorical variables

BMLI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP1, glucagon-like peptide 1; HDL, high density-lipoprotein; ICU, intensive care unit; LDL, low

density-lipoprotein; RAAS, renin-angiotensin-aldosterone system; SGLT-2, sodium glucose co-transporter-2
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1
2
i Supplementary Table 3: Laboratory results on admission and in-hospital treatment of patients with type 2 diabetes according to baseline use or
5 . e . .
6 non-use of metformin, sulphonylureas, DPP-4 inhibitors and insulin
7
2 Metformin Sulphonylureas DPP-4 inhibitors Insulin
10
1 Users Non- p-value | Users Non- p-value | Users Non- p-value | Users Non- p-value
1 users users users users
13 Number 737 254 385 679 199 952 273 623
14
15 Laboratory results on admission
16
Random glucose, | 8.1 (6.4, | 7.1 (6.0, 8.7(6.5, | 7.5 (6.1, 8.7 (6.6, | 8.0 (6.4, 9.2 (6.6, | 7.6 (6.2,
17
18 mmol/L 11.0) 9.0y | 00011 o) 0.7y | 00011 gyt iy | 0108 | o 95 | <0-001
;g 137.0 138.0 137.0 138.0 136.0 137.0 136.0 138.0
2 Sodium, mmol/L (134.0, (135.0, 0.018 (134.0, (135.0, 0.001 (134.0, (134.0, 0.01 (133.0, (136.0, <0.001
5 139.0) | 140.0) 139.0) | 140.0) 139.0) | 139.0) 138.0) | 140.0)
23 :
Potassium, 3.9(3.6, | 3.8 (3.5, 3.9(3.6, | 3.8(3.5, 4037, | 3835, 4036, | 3.8(3.5,
o mmol/L 4.0) 22) | 093 | 43 42) | “000L 1Ty a1y | 000 Ty g1y | <000
26 Creatinine 77.7 83.0 81.2 75.0 90.0 75.0 91.3 72.0
27 Ny 63.0, | (6677, | <0.001 | (66.0, | (62.8, | <0.001 | (70.0, | (624, | <0.001 | (71.0, | (61.0, | <0.001
;g K 98.0) | 124.0) 110.0) | 95.0) 138.0) | 94.0) 140.0) | 88.1)
30 384 37.5 38.0 38.7 37.0 38.7 36.0 39.7
31 Albumin, g/L (350, | (33.0, | 0006 | (34.1, | (349, | 0076 | (333, | (350, | 0019 | (320, | (360, | <0.001
32 41.3) 41.0) 41.0) 41.7) 41.0) 41.7) 394) | 42.1)
33
34 Total bilirubin, | 7.9 (6.0, | 8.1 (6.0, 7.8 (6.0, | 8.0 (5.8, 7.5(5.4, | 8.0 (6.0, 8.0(5.8, | 8.0 (6.0,
35 umol/L 10.2) 120y | 0164 10.0) 1.0y | 9980 10.4) 1oy | o116 10.6) 106) | 0604
36
37 67.3 74.0 70.0 69.0 70.0 69.1 69.3 70.0
38 ALP, U/L (551, | (600, | <0.001 | (57.0, | (56.0, | 0752 | (57.0, | (570, | 0789 | (550, | (57.5, | 0.843
39 82.0) 92.4) 84.0) 84.0) 83.0) 84.8) 88.0) 83.5)
40
41
42
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27.0 25.1 27.8 26.1 26.0 27.0 24.4 28.6
ALT, UL (180, | (169, | 0295 | (20.0, | (170, | 0.142 | (178, | (180, | 0.145 | (17.0, | (19.0, | <0.001
39.5) 37.0) 39.4) | 41.0) 349) | 41.7) 36.0) | 42.8)
213.0 | 2340 2140 | 219.0 2160 | 217.0 246.0 | 209.0
LDH, U/L (178.0, | (192.0, | 0.002 | (183.0, | (180.0, | 0.720 | (190.0, | (181.0, | 0.505 | (192.0, | (175.0, | <0.001
277.0) | 303.0) 281.0) | 281.0) 277.0) | 283.0) 362.0) | 254.0)
1304, | 12(0.3, 1.7(04, | 1.1(04, 1504, | 1.3(04, 2.9(0.5, | 0.8(03,
CRP, mg/dL 47) 5.0) 0.980 54) 3.9) 0.032 53) 4.6) 0.376 75) 26) | <0001
38.6 47.0 43.0 37.0 45.6 39.8 46.0 34.0
ESR, mm/hour (1.0, | (2.5 | 0060 | (205, | (21.0, | 0844 | (215, | (21.0, | 0.622 | (250, | (185, | 0.002
65.2) 84.1) 68.0) 64.0) 72.5) 68.0) 80.0) 53.5)
Procalcitonin, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(0.1,
ng/mL 0.3) 0.3) 0.039 0.3) 0.3) 0.299 0.3) 0.3) 0.308 0.3) 0.y | <000
Haemolobin 13.0 12.9 12.9 132 12.9 132 12.9 13.2
L glooin, (120, | (116, | 0225 | (11.8, | (12.1, | 0.008 | (11.6, | (12.1, | 0.003 | (11.5, | (12.1, | 0.002
& 14.0) 14.2) 13.9) 14.3) 13.9) 14.3) 14.0) 14.2)
White cell count, | 5.7 (4.6, | 5.7 (4.4, 58(48, | 5.6 (4.4, 6.1 (4.6, | 5.6 (4.5, 6.1(48, | 5.5 (4.4,
x109/L 7.2) 7.2) 0.611 7.4) 7.0) 0.002 7.4) 7.1) 0.031 8.0) 6.9) | <0-001
Lymphocyte 1.2(0.9, | 1.1(0.8, 1.2(0.9, | 1.2(0.8, 1.1(0.8, | 1.2(0.9, 1.1(0.8, | 1.2(0.9,
count, x10%/L 1.6) 1.5) 0.044 1.6) 1.5) 0.451 1.5) 1.6) 0.138 1.4) 17y | <0001
Platelet count 2040 | 188.0 2060 | 197.0 2040 | 198.0 199.0 | 207.0
0L : (160.0, | (149.0, | 0.003 | (161.0, | (156.0, | 0.027 | (159.0, | (156.0, | 0336 | (151.0, | (166.0, | 0.101
254.0) | 234.0) 258.0) | 243.0) 249.0) | 250.0) 255.0) | 260.0)
Prothrombin 11.9 12.1 11.9 11.9 12.1 11.9 12.1 11.8
o " (113, | (114, | 0006 | (114, | (113, | 0819 | (11.5, | (113, | 0.026 | (115, | (11.2, | <0.001
e, seconds 12.5) 12.9) 12.6) 12.5) 12.8) 12.5) 12.9) 12.3)

In-hospital treatment, n (%)
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. 10.0 11.0
Oseltamivir 9(122) | 2079) | 0739 [50(13)| 5 1 30015 | (15 072 | 7.02.6) | 6.0(1.0)| 0.074
L 236 84 1250 | 221.0 75.0 290.0 103.0 | 185.0
Ribavirin 3200 | ¢3n | "8 | @25 | (325 ! 377 | 305 | 29 | 377 | o7 | 00?2
Lopinavir- 200 73 110.0 | 184.0 53.0 256.0 93.0 125.0
ritonavir @71 | @87 | "8 | ase | @) | %%° | 266 | (269 I G41) | o1y | <000

425 164 2200 | 409.0 1220 | 556.0 187.0 | 309.0

Interferon beta (57.7) (64.6) 0.063 (57.1) (60.2) 0.357 (61.3) (58.4) 0.498 (68.5) (49.6) <0.001
Antibiotic 444 176 2460 | 405.0 1250 | 582.0 2100 | 273.0
therapy ©0.2) | ©9.3) | "9 | 639 | 96 | P | 628 | 61 | TV | (769) | @38 | 0001
Anti-fungal 80 26 52.0 58.0 32.0 81.0 47.0 40.0
therapy 109) | 02 | "8 | azs | s | %% | deny | w5 | %92 | a72) | 64y | 0001
. . 367 142 201.0 | 3300 108.0 | 475.0 168.0 | 203.0
Corticosteroid (49.8) (55.9) 0.108 (52.2) (48.6) 0.286 (54.3) (49.9) 0.296 (61.5) (32.6) <0.001
Pulse
methylprednisolo | 2(0.27) | 1(0.39) 1 1.0 (0.3) | 4.0(0.6) | 0.659 | 0.0(0.0) | 4.0 (0.4) 1 1.0(0.4) | 1.0(0.2) | 0.517
ne
IVIG 2(027) | 2(0.79) | 0272 [ 2.0(0.5) | 2.0(03) | 0.623 | 0.0(0.0) | 5.0(0.5) | 0.594 | 2.0(0.7) | 0.0 (0.0) | 0.093

Data are presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables

ALP, alkaline phosphatase; ALT, alanine transaminase; CRP, C-reactive protein; DPP-4, dipeptidyl peptidase-4; ESR, erythrocyte sedimentation rate; IVIG,

intravenous immune globulin; LDH, lactate dehydrogenase
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Supplementary Table 4: Multivariate Cox regression with propensity score weighting for the association between baseline use of glucose-

lowering drugs and clinical outcome

and/or in-hospital

death, n (%)

Metformin Sulphonylureas DPP-4 inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
ICU admission, n (%) 0.51 (0.30, 0.86) 0.012 1.42 (0.90, 2.25) 0.131 0.46 (0.28, 0.76) 0.002 | 9.79 (4.26,22.50) | <0.001
Mechanical 21.21 (4.40,
o 0.29 (0.12, 0.72) 0.008 1.30 (0.70, 2.44) 0.405 0.42 (0.18, 0.98) 0.044 <0.001
ventilation, n (%) 102.31)
In-hospital death, n
%) 0.45 (0.23, 0.89) 0.022 2.87 (1.40, 5.88) 0.004 0.78 (0.38, 1.59) 0.487 | 2.86(0.81,10.13) 0.103
(1]
ICU admission,
mechanical ventilation
0.53 (0.35, 0.81) 0.003 1.55 (1.02, 2.34) 0.04 0.48 (0.30, 0.76) 0.002 | 5.90(3.41,10.20) | <0.001

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular disease,

chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), baseline use of other glucose-lowering drugs, statins and RAAS

inhibitors, in-hospital use of other glucose-lowering drugs, and propensity score

CI, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1,3
abstract
(b) Provide in the abstract an informative and balanced summary of what was
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 4-5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 5-6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 5-6
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8-9
confounding
(b) Describe any methods used to examine subgroups and interactions
(¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(¢) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 9-
and information on exposures and potential confounders 5(5)1
26
(b) Indicate number of participants with missing data for each variable of interest
(¢) Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Report numbers of outcome events or summary measures over time 10
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 10-
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for i
and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 11
analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 15
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 16
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 16
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if N/A
applicable, for the original study on which the present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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Abstract
Objectives: Diabetes predisposes to serious complications from coronavirus disease 2019
(COVID-19) but it is unclear whether background use of glucose-lowering drugs affects clinical

outcome.

Setting: all public health facilities in Hong Kong

Participants: 1,220 patients with diabetes who were admitted for confirmed COVID-19

Primary and secondary outcome measures: composite clinical endpoint of intensive care unit

(ICU) admission, requirement of invasive mechanical ventilation, and/or in-hospital death.

Results: In this cohort (median age 64.7 years, 54.3% men), 60.4%, 31.6%, 16.3% and 22.4% of
patients were treated with metformin, sulphonylureas, DPP-4 inhibitors and insulin before
admission, respectively. In multivariate Cox regression, use of metformin and DPP-4 inhibitors
was associated with reduced incidence of composite endpoint relative to non-use, with respective
hazard ratios of 0.51 (95% confidence interval [CI] 0.34, 0.77, p=0.001) and 0.46 (95% CI 0.29,
0.71, p<0.001), adjusted for age, sex, diabetes duration, HbA 1¢, smoking, comorbidities and

drugs. Insulin and sulphonylurea were correlated with increased hazards of composite endpoint.

Conclusions: Users of metformin and DPP-4 inhibitors had fewer adverse outcome from
COVID-19 compared with non-users, whereas insulin and sulphonylurea might predict a worse

prognosis.
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Strengths and limitations of this study
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e This cohort study included over 95% of all patients with COVID-19 in Hong Kong

e Statistical methods including multivariable adjustment and propensity score weighting

13 have been adopted to adjust for important confounders of the clinical endpoints.

15 e The study is an observational retrospective cohort study with inherent limitations related
to unmeasured confounding.

20 e The study is not able to infer causality given the likelihood of confounding by indication,
22 e.g. with respect to metformin and insulin use.

e We reported data in Chinese people and our results cannot be generalised to other ethnic

27 groups.
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Introduction

Patients with diabetes are more likely to have serious outcome from coronavirus infections
including severe acute respiratory syndrome (SARS), Middle-East respiratory syndrome (MERS)
and coronavirus disease 2019 (COVID-19) (1-6). In a population-based analysis of in-hospital
fatalities due to COVID-19 in the United Kingdom, type 1 diabetes and type 2 diabetes were
associated with increased odds of 3.5 and 2.0 for death, adjusted for age, sex and
sociodemographic factors (6). The excess deaths might be related to co-occurrence of other
medical conditions such as obesity and cardiovascular diseases that are independent risk factors
for adverse outcome (7-10). Furthermore, diabetes gives rise to aberrant inflammatory responses
which predispose to more intense lung infiltration, cytokine storm and multiorgan failure (11).
Pro-inflammatory indicators such as interleukin (IL)-6, IL-2 receptor, procalcitonin, tumour
necrosis factor (TNF)-a and C-reactive protein (CRP) levels are generally higher in patients with

diabetes compared with those without diabetes (12).

Several glucose-lowering drug classes have immunomodulatory effects. Metformin activates
AMP-activated protein kinase (AMPK) which in turn suppresses a number of inflammatory
pathways including nuclear factor kappa B and mammalian target of rapamycin (13,14).
Activation of AMPK also stabilises angiotensin converting enzyme (ACE) 2, the vasodilator
effect of which improve organ blood flow and may protect against lung injury (15). Both
observational cohort and randomised controlled studies reported reduced risks of pneumonia and
other infections with metformin therapy (16,17). Dipeptidyl peptidase-4 (DPP-4), also known as

cluster of differentiation (CD) 26, is expressed in immune cells and is implicated in the

5
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regulation of adaptive immunity (18). In a case-control study of patients with COVID-19, in-
hospital treatment with sitagliptin was linked to improved survival and other measures of clinical
outcome (19). However, the beneficial effects of DPP-4 inhibitors have not been supported by
other studies (20-22). In a territory-wide retrospective cohort of confirmed cases of COVID-19
between January 2020 and February 2021, we investigated the association between baseline use

of glucose-lowering drugs and serious clinical outcome among patients with type 2 diabetes.

Methods

Setting and patients

The Hong Kong Hospital Authority (HA) governs all public hospitals and general out-patient
departments in the territory and provides care for approximately 80% of local residents (23).
Given the high cost differential in healthcare between the public and private sector with the
private sector being significantly more expensive, people who utilise health services in the
private sector are usually at a more favourable socioeconomic position. Since the beginning of
the pandemic, all cases of COVID-19, including symptomatic cases presented to out-patient
clinics or hospitals, asymptomatic contacts of confirmed cases, and inbound travellers, were
admitted to HA healthcare facilities. Clinical data including past medical diagnoses, drug
prescription records, laboratory results, admission records and vital status were captured in the
Clinical Data Analysis and Reporting System (CDARS), an electronic medical record system
used in the Hong Kong HA. We retrieved data of all patients presented with COVID-19 who
admitted between 23 January 2020 (the first case in Hong Kong) and 28 February 2021 (24). All

patient data were anonymised to ensure confidentiality. Patients aged below 18 years were

6
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excluded. This study was approved by the Joint Chinese University of Hong Kong — New

Territories East Cluster Clinical Research Ethics Committee.

Data collection

Patients with COVID-19 were identified based on positive SARS-CoV-2 polymerase chain
reaction in nasopharyngeal swab in any one of the HA laboratories (25). For each patient, we
obtained demographic data (age, sex), relevant diagnoses using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, drug prescription record for
at least 12 months before admission, laboratory results for plasma glucose, HbAlc and lipid
profile for at least 12 months before admission, as well as plasma glucose, kidney function, liver
function, inflammatory markers, haematology and coagulation study on the day of admission.
Progress during admission including treatment with corticosteroid, intravenous immunoglobulin,
anti-viral therapy, anti-fungal therapy, antibiotic therapy, mechanical ventilation, and transfer to
intensive care unit (ICU) were also retrieved. Patients were followed from the date of diagnosing

COVID-19 until discharge from hospital or death. Data capture was censored on 24 April 2021.

Definition and outcome

A patient was classified to have type 2 diabetes if he or she fulfilled one or more of the following
criteria within 12 months before admission: use of non-insulin glucose-lowering drugs for at
least one day, continuous use of insulin for >28 days, HbAlc >6.5% in any one measurement,
fasting plasma glucose >7.0 mmol/L in any one measurement, and/or diagnosis code of type 2

diabetes based on ICD-9-CM.

7
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Baseline use of glucose-lowering drugs, including metformin, sulphonylureas (glibenclamide,
gliclazide, glimepiride, glipizide), DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin,
sitagliptin, vildagliptin), and insulin, was identified based on prescription record of the respective
drug. Patients were considered to be baseline users if a prescription record was found within 12
months before and up to the day of admission. Patients were considered to be non-users if a
prescription record was not found within 12 months before admission, on the day of and during
admission. We have not set a minimum exposure time to define users because patients who
attended the private sector for diabetes treatment would not have any prescription records in the
HA CDARS before admission, but they would have a prescription record on the day of
admission indicating their pre-admission use of the drug. The proportion of patients receiving

medical care in the private sector is around 10% (23).

Relevant comorbidities were identified as follows: hypertension was defined as the use of blood
pressuring lowering drugs within 12 months before admission and/or ICD-9-CM code of
hypertension (Supplementary Table 1); chronic kidney disease was defined as having an
estimated glomerular filtration rate <60 ml/min/1.73m? as determined using the Chronic Kidney
Disease Epidemiology Collaboration equation within 12 months prior to admission and/or ICD-
9-CM codes of kidney diseases (Supplementary Table 1); chronic liver disease, coronary heart
disease, congestive heart failure, cerebrovascular disease, chronic obstructive airway disease and
cancer were defined based on ICD-9-CM codes (Supplementary Table 1). The use of ICD-9-CM
codes in CDARS to identify medical conditions has been shown to be 99% accurate when
referenced to clinical, laboratory, imaging and endoscopy results from the electronic medical

records (26). Clinical endpoints included ICU admission, mechanical ventilation, in-hospital
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death, and composite endpoint of ICU admission, mechanical ventilation and/or in-hospital
death. For the composite endpoint, patients were followed from the date of diagnosing COVID-
19 until the date of ICU admission, use of mechanical ventilation, in-hospital death, or discharge
from hospital, whichever came first. For the individual clinical endpoint, patients were followed
from the date of diagnosing COVID-19 until the date of the occurrence of that individual clinical

endpoint or discharge from hospital, whichever came first.

Statistical analysis

Analysis was conducted using R software (4.0.0). Continuous variables were expressed as mean
+ standard deviation (SD) or median (interquartile range [IQR]), as appropriate, and categorical
variables as number (percentages). Between-group comparison was conducted by chi-square test
for categorical variables, Student’s t-test for normally distributed continuous variables, and
Kruskal-Wallis test for continuous variables with skewed distribution. Clinical characteristics
were compared between users and non-users of metformin, sulphonylureas (glibenclamide,
gliclazide, glimepiride, glipizide), DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin,
sitagliptin, vildagliptin), and insulin. Due to small number, use of thiazolidinediones, glucagon-
like peptide-1 receptor agonists and sodium-glucose transport protein 2 inhibitors were not
tested. Multivariate Cox regression was conducted to derive the hazard ratios (HRs) and 95%
confidence intervals (Cls) of use versus non-use of metformin, sulphonylureas, DPP-4 inhibitors
and insulin for primary and secondary clinical endpoints. The multivariate Cox model was
adjusted for age, sex, diabetes duration, smoking, HbA1c, comorbidities (history of
hypertension, coronary heart disease, congestive heart failure, cerebrovascular disease, chronic

kidney disease, chronic liver disease, chronic obstructive airway disease, and cancer), baseline
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use of other glucose-lowering drugs, statins and renin-angiotensin-aldosterone system (RAAS)
inhibitors, and in-hospital use of other glucose-lowering drugs. The multivariate Cox regression
was limited to patients with available HbA1c measurement (n=886) in whom the latest HbAlc
obtained within 12 months of hospital admission was used. The selection of variables was based
on known or possible link between these variables and clinical endpoints. Due to the small
proportion of patients with available data on body mass index (BMI) (9.3%), BMI was not
included in the multivariate Cox regression model. In a sensitivity analysis, we generated
propensity scores for glucose-lowering drug use using logistic regression model that contained
age, sex, smoking, diabetes duration, comorbidities and baseline use of other glucose lowering
drugs, statins and RAAS inhibitors using the overlap propensity score weighting method (27).
The weights were included in the multivariate Cox models to balance the differences in patient
characteristics between glucose-lowering drug use groups. We also repeated the multivariate Cox
regression excluding patients whose diabetes status was established by a single fasting plasma

glucose measurement only, as these patients might not have diabetes.

Patient and Public Involvement

There was no patient of public involvement.

Results

Baseline clinical characteristics by glucose lowering drug classes

Of 9,839 adult patients with COVID-19, 1,220 patients (12.4%) had type 2 diabetes. Patients
with diabetes were older, had a male preponderance and higher frequencies of comorbidities than

those without diabetes (Supplementary Table 2). In patients with diabetes, 737 (60.4%) were
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treated with metformin, 385 (31.6%) with sulphonylureas, 199 (16.3%) with DPP-4 inhibitors,
and 273 (22.4%) with insulin at baseline. Generally, users of each of the glucose-lowering drug
class had longer diabetes duration and higher HbAlc levels than non-users of the respective drug
class (Table 1). Metformin users were younger and users of insulin and DPP-4 inhibitors were
older than their respective non-users, whilst no age difference was detected between users and
non-users of sulphonylureas (Table 1). Coronary heart disease and heart failure were less
common in metformin users and more common in insulin users when compared to their
respective non-users (Table 1). Chronic kidney disease was also less common in metformin users

but more prevalent among users than non-users of other glucose-lowering drug classes (Table 1).

Markers of disease severity and outcome by glucose lowering drug classes

On admission, random plasma glucose levels were higher in users than non-users of most oral
glucose-lowering drugs, except for DPP-4 inhibitors (Supplementary Table 3). In addition,
metformin users had higher lymphocyte count, lower alkaline phosphatase (ALP) levels and
lactate dehydrogenase (LDH) levels than metformin non-users (Supplementary Table 3). Users
of sulphonylureas had higher CRP levels and total white cell count, and users of DPP-4
inhibitors had higher total white cell count compared with respective non-users (Supplementary
Table 3). Insulin users had higher plasma glucose levels, higher levels of most inflammatory
markers including LDH, CRP, erythrocyte sedimentation rate and procalcitonin, and lower

lymphocyte count than insulin non-users (Supplementary Table 3).

There were overall no differences in the proportion of patients receiving most types of anti-

microbial therapy, corticosteroid and IVIG between users and non-users of metformin,
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sulphonylureas and DPP-4 inhibitors, with the exception of less frequent administration of
antibiotics among metformin users and more frequent use of anti-fungal therapy among users of
sulphonylureas and DPP-4 inhibitors (Supplementary Table 3). Insulin users were more likely to
be treated with anti-microbial therapy and corticosteroid than non-users (Supplementary Table

3).

During admission, 235 patients (19.3%) developed composite primary endpoint, 187 patients
(15.3%) were transferred to ICU, 110 patients (9.0%) required mechanical ventilation, and 90
patients (7.4%) died. Fewer metformin users reached composite endpoint (Proportions: 17.2%
versus 27.6%, p=0.001; Incidence rates: 4914.1 versus 6633.4 per 1,000 person-year, p=0.043)
or died (Proportions: 4.0% versus 17.3%, p<0.001; Incidence rates: 1258.8 versus 2946.5 per
1,000 person-year, p<0.001) compared with non-users (Table 2, Supplementary Table 4). Users
of sulphonlyureas and insulin were more likely than non-users to reach composite endpoint,
required ICU admission and mechanical ventilation, and insulin users were also more likely to
die than non-users (Table 2, Supplementary Table 4). The proportion of patients developing
primary or secondary endpoints were similar between users and non-users of DPP-4 inhibitors

(Table 2, Supplementary Table 4).

Association between pre-admission use of glucose lowering drugs and clinical outcome

In multivariate Cox regression model, baseline use of metformin was associated with reduced
hazards of composite endpoint of ICU admission, mechanical ventilation and/or in-hospital death
(adjusted HR 0.51 [95% CI 0.34, 0.77], p=0.001) and individual endpoints of ICU admission

(adjusted HR 0.53 [95% CI 0.33, 0.86], p=0.010), mechanical ventilation (adjusted HR 0.51
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[95% C1 0.27, 0.97], p=0.041) and in-hospital death (adjusted HR 0.51 [95% CI1 0.27, 0.97],
p=0.039) relative to non-use (Table 3). Baseline use of DPP-4 inhibitors was associated with
reduced hazards of composite endpoint (adjusted HR 0.46 [95% CI1 0.29, 0.71], p<0.001) and
ICU admission (adjusted HR 0.45 [95% CI 0.28, 0.74]. p=0.002) (Table 3). Use of
sulphonlyureas (adjusted HR 1.55 [95% CI 1.07, 2.24], p=0.022) and insulin (adjusted HR 6.34
[95% CI 3.72, 10.78], p<0.001) were both correlated with increased hazards of composite
endpoint (Table 3). Sensitivity analysis using multivariate Cox regression with propensity score
weighting yielded similar findings (Supplementary Table 5). Exclusion of patients who were
identified as having diabetes based on a single fasting plasma glucose measurement (n=25) had

minimal effect on the results (Supplementary Table 6).

Discussion

In a territory-wide cohort of patients with diabetes presented with COVID-19, we showed that
pre-admission use of metformin and DPP-4 inhibitors was linked to reduced risks of serious
outcome, whereas the use of sulphonylureas and insulin was associated with a worse prognosis
Our findings corroborate and extend the results of previous studies and suggest a possible
protective role of metformin and DPP-4 inhibitors against severe respiratory tract infection. The
strength of our study includes the unbiased nature of the cohort as the database captured all
patients with COVID-19 in Hong Kong. Both symptomatic and asymptomatic patients were
admitted to healthcare facilities and their clinical data were included in the present analysis.
Furthermore, the use of a universal electronic medical record for drug prescription ensures that

we have accurately classified use and non-use of different glucose-lowering drug classes.
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Metformin, infection and COVID-19

Several observational studies in patients hospitalised with COVID-19 reported the association
between metformin use and death and other measures of adverse outcome (22, 28-31). In a
nationwide study conducted in England including 2.85 million patients with type 2 diabetes
among whom 13,479 had a record of COVID-19-related deaths, those prescribed metformin had
fewer deaths with adjusted HR 0.77 when compared to those not prescribed metformin (22). In
another study of 6,256 patients (mean age 75 years) with either type 2 diabetes or obesity
admitted with COVID-19 in the United States (U.S), metformin use was found to reduce the risk
of death in women with HR 0.79 adjusted for age and comorbidities although no effect was
observed in men (28). Two meta-analyses also noted a protective effect of metformin with
pooled odds ratios of around 0.6 for mortality from COVID-19 (32,33). However, in an analysis
of 1,317 patients (mean age 70 years) with COVID-19 and diabetes in France, metformin was
associated with fewer deaths in univariate but not in multivariate analysis (7). Similarly, among
1,297 patients (mean age 75 years) with diabetes hospitalised for COVID-19 in Spain, the group
on metformin were less likely to die and/or require ICU admission or mechanical ventilation than
non-users, but no difference was detected when the two groups were propensity matched for
demographics, comorbidities and drugs (20). In the present study, we found that metformin was
associated with 50% reduction in the risk of in-hospital deaths and 50% reduction in the risk of
composite clinical endpoint. The inconsistency in findings between studies could be due to a
number of factors, including but not limited to differences in age and disease characteristics of
the patient cohorts and in the statistical methods used to examine drug effects. One of the
limitations of our study is the high proportion of patients with missing information on

anthropometric measures and we did not include these variables in multivariate adjustment.
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Furthermore, confounding by indication remained an important source of bias in our study as
patients who were not prescribed metformin might have other medical conditions, for example,
malnutrition, kidney or liver diseases, that contraindicated the use of metformin and conferred a
poorer prognosis from COVID-19 (34). Nonetheless, our results are in line with most other
studies suggesting possible benefits of metformin, or at least no evidence of harm, in patients

with type 2 diabetes afflicted by COVID-19.

The immunomodulatory action of metformin has been demonstrated in cell and animal models as
well as in human studies, and is independent of the metabolic function of the drug (13). In a
recent randomised control trial of 53 patients taking systemic glucocorticoid for inflammatory
diseases, those assigned metformin had reduced levels of high sensitivity CRP and neutrophil
counts, accompanied by lower frequencies of pneumonia and moderate-to-severe infection than
the placebo arm over a 12-week period (35). In the present study, metformin users had lower
LDH levels and higher lymphocyte counts on admission than non-users. In infected patients,
metformin may dampen the exaggerated immune reaction to SARS-CoV-2 which is causal for

the development of severe lung injury and cytokine storms associated with type 2 diabetes (11).

DPP-4 inhibitors and COVID-19

Dipeptidyl-peptidase-4 inhibitors have pleiotropic effects on the immune system and the effect of
this drug class as an ancillary treatment of inflammatory diseases such as rheumatoid arthritis
and viral infections have been previously examined (18). Moreover, DPP-4 is a known receptor
for MERS-CoV in human. It has been speculated that DPP-4 may also mediate the entry of

SARS-CoV-2, although the evidences for this are yet to be consolidated (36,37). In an Italian
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study of 338 patients with diabetes admitted with COVID-19, in-hospital initiation of sitagliptin
reduced deaths by 56% and ICU admission by 49% (19). Another case series in Italy including
90 patients with diabetes reported fewer COVID-19-related deaths among prevalent users of
DPP-4 inhibitors adjusted for age and sex (38). In the present study, baseline use of DPP-4
inhibitors was associated with reduced risk of composite clinical endpoint although in-hospital
deaths were not reduced. Notably, several observational studies and a meta-analysis did not find
an association between DPP-4 inhibitors and complications from COVID-19 (20,21,39). In
particular, in the large study conducted in England, COVID-19-related deaths occurred more
frequently in patients prescribed DPP-4 inhibitors (22). Differences in statistical procedures may
account for the inconsistent findings. Further studies are needed to investigate whether long-term

exposure of this drug class can improve prognosis of coronavirus infection.

Insulin and COVID-19

We revealed a positive relationship between pre-admission insulin use and composite clinical
outcome, driven mainly by increased hazards for ICU admission and mechanical ventilation
among insulin users. Our results are consistent with several other studies suggesting that insulin
use may predict a worse outcome from COVID-19 (20,40). Insulin therapy is usually initiated
late in the diabetes continuum and it is very possible that the positive association between insulin
use and adverse outcome was due to incomplete statistical removal of confounding by indication.
In the present study, insulin users were significantly older and were more likely to have
premorbid kidney and cardiovascular diseases. On admission, insulin users also had higher
inflammatory markers and lower lymphocyte counts which are important severity indicators.

Although insulin therapy is deemed the most appropriate glucose-lowering option during acute
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illnesses, high level of vigilance should be maintained in managing patients on chronic insulin

therapy who have a greater likelihood of deterioration.

Sulphonylurea and COVID-19

The risk association between sulphonylureas and in-hospital death was less expected and not
well explained. In Hong Kong, sulphonylureas is widely prescribed as a second-line drug after
metformin. In the present cohort, the frequencies of comorbidities were mostly balanced between
users and non-users of sulphonylureas with the exception of a higher prevalence of chronic
kidney disease among users. Previous studies on COVID-19 did not show harm associated with
sulphonylurea use. Glyburide has been shown to suppress the immune system but studies on the

use of sulphonylurea with infection outcome have produced mixed results (41).

Limitations

We acknowledge the following limitations. This was an observational cohort study with inherent
limitations related to unmeasured confounding. Metabolic parameters including BMI were not
available in a large proportion of patients and these variables were not included in the statistical
adjustment. Despite statistical efforts to adjust for comorbidities, we could not fully address
residual confounding by drug indication. In this connection, our results cannot be taken to infer
causality between drug use and clinical outcome. Although we have included over 95% of all
patients with COVID-19 in Hong Kong, the size of our cohort was relatively small. We reported

data in Chinese people and our results cannot be generalised to other ethnic groups.

Conclusion
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In this retrospective cohort of Chinese with type 2 diabetes, background use of metformin and
DPP-4 inhibitors was associated with fewer complications of COVID-19, whereas insulin and
sulphonylureas predicted a worse prognosis. Given the increased risk for serious infection in
patients with diabetes, drugs with off-target action in immune pathways could be further
evaluated for potential new application beyond the ambit of their original indication and be

harnessed for use in modifying outcome from infectious diseases.
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1
2
i Table 1: Clinical characteristics of patients with type 2 diabetes according to pre-admission use or non-use of metformin, sulphonylureas,
5 C e . .
6 DPP-4 inhibitors and insulin.
7
8 Metformin Sulphonylureas DPP-4 inhibitors Insulin
Users Non-users P Users Non-users P Users Non-users P Users Non-users P

:: %umber 737 254 385 679 199 952 385 679
1Demographics
T3 e, years 65.6(57.7,72.6) | 68.9(613,79.7) | <0.001 | 66.0(58.5,73.1) | 65.3(57.3,73.6) | 0.656 | 67.0(584,755) | 65.1(56.8,72.2) | 0.029 | 66.0(585,73.1) | 653(57.3,73.6) | 0.656
:g/len, n (%) 405 (55.0) 131 (51.6) 0.391 222 (57.7) 350 (51.5) 0.063 118 (59.3) 506 (53.2) 0.133 222 (57.7) 350 (51.5) 0.063
1 §x-/active smoker, n (%) 125 (17.0) 49 (19.3) 0.443 70 (18.2) 113 (16.6) 0.687 34(17.1) 163 (17.1) 0.818 70 (18.2) 113 (16.6) 0.687
1 Metabolic parameters
:giabetes duration, years 1.8 (1.4, 6.4) 1.2(0.5,2.5) <0.001 1.8 (1.4,7.6) 1.3(0.0, 1.9) <0.001 3.9(1.5,11.3) 1.4 (0.0, 1.9) <0.001 1.8 (1.4,7.6) 1.3 (0.0, 1.9) <0.001
D@bAlc, % 7.3 (6.6, 8.5) 6.6 (6.1,7.8) <0.001 7.7 (6.9, 9.1) 6.9 (6.4,8.2) <0.001 7.6 (6.8, 8.9) 7.2(6.5,8.9) 0.027 7.7 (6.9,9.1) 6.9 (6.4,8.2) <0.001
ZLDL—C, mmol/L 2.1(1.7,2.7) 2.4(1.7,3.0) 0.004 2.1(1.7,2.6) 2.2(1.7,2.8) 0.081 2.0(1.5,2.5) 2.3(1.7,2.8) <0.001 2.1(1.7,2.6) 2.2(1.7,2.8) 0.081
§_§IDL-C, mmol/L 1.2(1.0, 1.5) 1.2 (1.0, 1.5) 0.857 1.2 (1.0, 1.4) 1.2 (1.0, 1.5) 0.17 1.2 (1.0, 1.4) 1.2(1.0, 1.5) 0311 1.2 (1.0, 1.4) 1.2(1.0, 1.5) 0.17
DAriglyceride, mmol/L 1.3 (0.9, 1.9) 1.4 (1.0, 2.0) 0.093 1.3 (1.0, 1.9) 1.36 (0.9, 2.0) 0.666 1.4 (1.0, 1.9) 1.4 (1.0, 2.0) 0.774 1.3 (1.0, 1.9) 1.36 (0.9, 2.0) 0.666
2T omorbidities, n (%)
;glypertension 465 (63.1) 144 (56.7) 0.083 267 (69.4) 329 (48.5) <0.001 123 (61.8) 498 (52.3) 0.018 267 (69.4) 329 (48.5) <0.001
Dgoronary heart disease 76 (10.3) 48 (18.9) 0.001 45 (11.7) 79 (11.6) 1 30 (15.1) 96 (10.1) 0.054 45 (11.7) 79 (11.6) 1

Bleart failure 22 (3.0) 22 (8.7) <0.001 13 (3.4) 29 (4.3) 0.578 11 (5.5) 32 (3.4) 0.208 13 (3.4) 29 (4.3) 0.578
3%erebrovascular disease 66 (9.0) 40 (15.7) 0.004 31 (8.1) 72 (10.6) 0.213 26 (13.1) 82 (8.6) 0.068 31 (8.1) 72 (10.6) 0.213
3§hronic kidney disease 144 (19.5) 96 (37.8) <0.001 98 (25.5) 135 (19.9) 0.042 72 (36.2) 164 (17.2) <0.001 98 (25.5) 135 (19.9) 0.042
BBhronic liver disease 26 (3.5) 17 (6.7) 0.05 16 (4.2) 27 (4.0) 1 9 (4.5) 34 (3.6) 0.661 16 (4.2) 27 (4.0) 1
2§OPD 39 (5.3) 19 (7.5) 0.26 23 (6.0) 35(5.2) 0.671 10 (5.0) 50 (5.3) 1 23 (6.0) 35(5.2) 0.671
3gancer 41 (5.6) 35(13.8) <0.001 18 (4.7) 58 (8.5) 0.026 12 (6.0) 70 (7.4) 0.611 18 (4.7) 58 (8.5) 0.026
B3Baseline drug use, n (%)
3§/Ietformin 737 (100.0) 0(0.0) <0.001 352(91.4) 343 (50.5) <0.001 169 (84.9) 534 (56.1) <0.001 352 (91.4) 343 (50.5) <0.001
48ulphonylurcas 352 (47.8) 27 (10.6) <0.001 385 (100.0) 0 (0.0) <0.001 123 (61.8) 240 (25.2) <0.001 385 (100.0) 0(0.0) <0.001
a1
42
43 28
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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DPP-4 inhibitors

169 (22.9)

28 (11.0)

<0.001

123 (31.9)

71 (10.5)

<0.001

199 (100.0)

0 (0.0)

<0.001

123 (31.9)

71 (10.5)

<0.001

Thiazolidine-diones

84 (11.4)

6(2.4)

<0.001

58 (15.1)

31 (4.6)

<0.001

39 (19.6)

50 (5.3)

<0.001

58 (15.1)

31(4.6)

<0.001

6 SGLT-2 inhibitors

70 (9.5)

8(3.2)

0.002

37 (9.6)

41 (6.0)

0.043

41 (20.6)

34 (3.6)

<0.001

37 (9.6)

41 (6.0)

0.043

7 GLP1 receptor agonists

11 (1.5)

2(0.8)

0.533

4(1.0)

9(1.3)

0.779

4(2.0)

8(0.8)

0.138

4(1.0)

9(1.3)

0.779

Insulin

208 (28.2)

49 (19.3)

0.007

120 (31.2)

129 (19.0)

<0.001

99 (49.7)

157 (16.5)

<0.001

120 (31.2)

129 (19.0)

<0.001

1 6tatins

546 (74.1)

138 (54.3)

<0.001

294 (76.4)

379 (55.8)

<0.001

153 (76.9)

528 (55.5)

<0.001

294 (76.4)

379 (55.8)

<0.001

1 BP lowering drugs

473 (64.2)

165 (65.0)

0.882

250 (64.9)

381 (56.1)

0.006

129 (64.8)

529 (55.6)

0.02

250 (64.9)

381 (56.1)

0.006

TRAAS inhibitors

440 (59.7)

126 (49.6)

0.006

248 (64.4)

303 (44.6)

<0.001

134 (67.3)

428 (45.0)

<0.001

248 (64.4)

303 (44.6)

<0.001

13
14
15

16 Data are presented as mean + standard deviation or median (interquartile range) for continuous variables, and number (percentage) for
17 categorical variables

18 BMI, body mass index; BP, blood pressure; COPD, chronic obstructive airway disease; DPP-4, dipeptidyl peptidase-4; GLP1, glucagon-like

19
20

2 system; SGLT-2, sodium glucose co-transporter-2

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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Table 2: Clinical outcome from COVID-19 according to baseline use or non-use of metformin, sulphonylureas, DPP-4 inhibitors and

insulin
Metformin Sulphonylureas DPP-4 inhibitors Insulin
Non- Non- Non- Non-
Users p-value | Users p-value | Users p-value | Users p-value
users users users users
ICU admission, n 108 43 79 79 32 136 76
0.442 <0.001 0.588 17 (2.7) | <0.001
(%) 14.7) | (16.9) (20.5) | (11.6) (16.1) | (14.3) (27.8)
Mechanical 67 51 22 51
24.(9.5) | 0.965 43 (6.3) | <0.001 78 (8.2) | 0.244 4(0.6) | <0.001
ventilation, n (%) 9.1 (13.2) (11.1) (18.7)
In-hospital death, 44 44 35 18 32
<0.001 47(6.9) | 0.248 71(7.5) | 0.538 22 (3.5) | <0.001
n (%) (6.0) (17.3) 9.1) 9.1 (1.7
ICU admission,
mechanical
127 70 91 109 40 175 88
ventilation and/or 0.001 0.003 0.642 35(5.6) | <0.001
(17.2) | (27.6) (23.6) | (16.1) (20.1) | (18.4) (32.2)
in-hospital death,
n (%)
DPP-4, dipeptidyl peptidase-4; ICU, intensive care unit
30
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Table 3: Multivariate Cox regression for the association between baseline use of glucose lowering drugs and clinical outcome

Metformin Sulphonylureas DPP-4 inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

ICU admission 0.53 (0.33, 0.86) 0.01 1.45(0.96,2.19) | 0.074 0.45(0.28,0.74) | 0.002 | 10.95(5.5,21.8) | <0.001
Mechanical 21.99 (4.85,

o 0.51(0.27,0.97) | 0.041 1.35(0.78,2.36) | 0.286 0.57(0.29, 1.11) | 0.098 <0.001
ventilation 99.6)
In-hospital death 0.51(0.27,0.97) | 0.039 242 (1.25,4.7) 0.009 0.70 (0.35,1.39) | 0.304 | 2.86(1.09,7.48) | 0.033
ICU admission,
mechanical 6.34 (3.72,

o 0.51(0.34,0.77) | 0.001 1.55(1.07,2.24) | 0.022 0.46 (0.29,0.71) | <0.001 <0.001
ventilation and/or 10.78)
in-hospital death

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular

disease, chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), pre-admission use of other glucose-lowering

drugs, statins, and RAAS inhibitors, and in-hospital use of other glucose-lowering drugs

CI, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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Supplementary Table 1: International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) diagnosis and procedure codes for comorbidities

Disease CII\?[DC-(?(-le Description
Cardiovascular diseases
401 Essential hypertension
. 402 Hypertensive heart disease
Hypertension and . L .
hypertensive diseases 403 Hype.rtenswe chronic k1dney dlseasg
404 Hypertensive heart and chronic kidney disease
405 Secondary hypertension
410 Acute myocardial infarction
411 Other acute and subacute forms of ischemic heart disease
Coronary heart o .
disease 412 Old myogardlal 1nfa}rct10n
413 Angina pectoris
414 Other forms of chronic ischemic heart disease
Heart failure 428 Heart failure
Chronic liver disease
Chronic liver disease,
liver failure, liver
cirrhosis and 570 Chronic liver disease and cirrhosis
complications
Diabetes mellitus
Diabetes mellitus 250 Diabetes mellitus
Cancer
140-149 Malignant neoplasm of lip, oral cavity, and pharynx
150-159 Malignant neoplasm of digestive organs and peritoneum
160-165 Malignant neoplasm of respiratory and intrathoracic organ
Malignant neoplasm 170-176 Malignant neoplasm of bone, connective tissue, skin, and breast
179-189 Malignant neoplasm of genitourinary organs
190-199 Malignant neoplasm of other and unspecified sites
200-209 Malignant neoplasm of lymphatic and hematopoietic tissue
Cerebrovascular disease
430 Subarachnoid haemorrhage
431 Intracerebral haemorrhage
432 Other and unspecified intracranial haemorrhage
Cerebrovascular 433 Occlusion and 'stenosis of precereb’ral arteries
events 434 Occlus'lon of cerebrgl arter}es
435 Transient cerebral ischemia
436 Acute, but ill-defined, cerebrovascular disease
437 Other and ill-defined cerebrovascular disease
438 Late effects of cerebrovascular disease

Chronic obstructive airway disease

Chronic obstructive
pulmonary disease 490-496 Chronic obstructive pulmonary disease and allied conditions
and allied conditions

Kidney diseases

581 Nephrotic syndrome
582 Chronic glomerulonephritis
Nephritis, nephrotic 583 Nephritis and nephropathy not specified as acute or chronic
syndrome, and 585 Chronic kidney disease
nephrosis 586 Renal failure, unspecified
587 Renal sclerosis, unspecified
588 Disorders resulting from impaired renal function
403.1 . . .
Others 403.9 Benign hypertensive renal disease

Unspecified hypertensive renal disease
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04.12404.1
3
404.1
404.9
753.12
753.13
753.14
274.1
593.6
593.9
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Benign hypertensive heart and renal disease
Unspecified hypertensive heart and renal disease
Polycystic kidney, unspecified type
Polycystic kidney, autosomal dominant
Polycystic kidney, autosomal recessive
Gouty nephropathy
Postural proteinuria
Unspecified disorder of kidney and ureter

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.
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Supplementary Table 2: Baseline clinical characteristics and in-hospital outcome of patients with and without type 2 diabetes admitted with

BMJ Open

COVID-19 in Hong Kong between January 2020 and February 2021

Patients with diabetes

Patients without diabetes

Number (%) with Number (%) with

available data available data p-value
Demographics
Age, years 1220 (100.0) 65.3 (57.1, 73.1) 9839 (100.0) 44.6 (32.3, 58.6) <0.001
Men, n (%) 1220 (100.0) 662 (54.3) 9839 (100.0) 4047 (47.0) <0.001
Ex- or current smoker 1220 (100.0) 209 (17.1) 9839 (100.0) 868 (10.1) 0.001
Metabolic parameters
Diabetes duration, years 1220 (100.0) 1.4(0.3,3.4) - - -
BMI, kg/m? 114 (9.3) 23.6 (21.5, 27.3) 598 (6.1) 23.5(20.9, 26.5) 0.380
HbA1lc, % 886 (72.6) 7.4 (6.6,9.2) 1901 (19.3) 5.8 (5.4, 6.3) <0.001
Comorbidities, n (%)
Hypertension 1220 (100.0) 644 (52.8) 9839 (100.0) 815 (9.5) <0.001
Coronary heart disease 1220 (100.0) 130 (10.7) 9839 (100.0) 148 (1.7) <0.001
Heart failure 1220 (100.0) 44 (3.6) 9839 (100.0) 44 (0.5) <0.001
Cerebrovascular disease 1220 (100.0) 111 (9.1) 9839 (100.0) 148 (1.7) <0.001
Chronic kidney disease 1220 (100.0) 249 (20.4) 9839 (100.0) 235 (2.7) <0.001
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Chronic liver disease 1220 (100.0) 44 (3.6) 9839 (100.0) 44 (0.5) <0.001
gi?\;‘l’arycd?sgg“i"e 1220 (100.0) 61 (5.0) 9839 (100.0) 235 (2.7) <0.001
Cancer 1220 (100.0) 83 (6.8) 9839 (100.0) 180 (2.1) <0.001
Baseline drug use, n (%0)

Metformin 1220 (100.0) 737 (60.4) 9839 (100.0) 0 <0.001
Sulphonylureas 1220 (100.0) 385 (31.6) 9839 (100.0) 0 <0.001
DPP-4 inhibitors 1220 (100.0) 199 (16.3) 9839 (100.0) 0 <0.001
Thiazolidinediones 1220 (100.0) 90 (7.4) 9839 (100.0) 0 <0.001
SGLT-2 inhibitors 1220 (100.0) 78 (6.4) 9839 (100.0) 0 <0.001
GLP1 receptor agonists 1220 (100.0) 13 (1.1) 9839 (100.0) 0 0.011
Insulin 1220 (100.0) 273 (22.4) 9839 (100.0) 0 <0.001
Statins 1220 (100.0) 709 (58.1) 9839 (100.0) 572 (6.6) <0.001
(I?rllcj)gsd pressure lowering 1220 (100.0) 691 (56.6) 9839 (100.0) 1108 (12.9) <0.001
RAAS inhibitors 1220 (100.0) 590 (48.4) 9839 (100.0) 452 (5.2) <0.001
In-hospital treatment, n (%0)

Oseltamivir 1220 (100.0) 16 (1.3) 9839 (100.0) 63 (0.7) 0.051
Ribavirin 1220 (100.0) 396 (32.5) 9839 (100.0) 1823 (21.2) <0.001
Lopinavir-ritonavir 1220 (100.0) 335 (27.5) 9839 (100.0) 1542 (17.9) <0.001
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Interferon beta 1220 (100.0) 725 (59.4) 9839 (100.0) 2702 (31.3) <0.001
Antibiotic therapy 1220 (100.0) 755 (61.9) 9839 (100.0) 2769 (32.1) <0.001
Anti-fungal therapy 1220 (100.0) 124 (10.2) 9839 (100.0) 265 (3.1) <0.001
Corticosteroid 1220 (100.0) 623 (51.1) 9839 (100.0) 1747 (20.3) <0.001
Pulse methylprednisolone 1220 (100.0) 5(0.4) 9839 (100.0) 7(0.1) 0.011
g;grgxﬁgous immune 1220 (100.0) 6 (0.5) 9839 (100.0) 9(0.2) 0.007
Clinical outcome, n (%)
ICU admission 1220 (100.0) 187 (15.3) 9839 (100.0) 269 (3.1) <0.001
Mechanical ventilation 1220 (100.0) 110 (9.0) 9839 (100.0) 142 (1.7) <0.001
In-hospital death 1220 (100.0) 90 (7.4) 9839 (100.0) 105 (1.2) <0.001
ICU admission,
mechanical ventilation 1220 (100.0) 235 (19.3) 9839 (100.0) 340 (3.9) <0.001

and/or in-hospital death

Data are presented as mean + standard deviation or median (interquartile range) for continuous variables, and number (percentage) for categorical variables

BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP1, glucagon-like peptide 1; HDL, high density-lipoprotein; ICU, intensive care unit; LDL, low

density-lipoprotein; RAAS, renin-angiotensin-aldosterone system; SGLT-2, sodium glucose co-transporter-2
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Supplementary Table 3: Laboratory results on admission and in-hospital treatment of patients with type 2 diabetes according to baseline use or

non-use of metformin, sulphonylureas, DPP-4 inhibitors and insulin

Metformin Sulphonylureas DPP-4 inhibitors Insulin
Non- Non- Non- Non-
Users USErs p-value Users USers p-value Users USers p-value Users USErs p-value
Number 737 254 385 679 199 952 273 623
Laboratory results on admission
Random glucose, | 8.1 (6.4, | 7.1 (6.0, 8.7(6.5 | 75(6.1, 8.7 (6.6, | 8.0 (6.4, 9.2(6.6, | 7.6 (6.2,
mmol/L 11.0) 00) | <0001 | "5y 07y | 0001 | i 1) | 0108 | Tiog 95 | <0001
137.0 138.0 137.0 138.0 136.0 137.0 136.0 138.0
Sodium, mmol/L (134.0, (135.0, 0.018 (134.0, (135.0, 0.001 (134.0, (134.0, 0.01 (133.0, (136.0, <0.001
139.0) 140.0) 139.0) 140.0) 139.0) 139.0) 138.0) 140.0)
Potassium, 3.9 (3.6, | 3.8(3.5, 3.9(3.6, | 3.8(3.5, 4.0 (3.7, | 3.8(3.5, 4.0 (3.6, | 3.8(3.5,
mmol/L 4.0) 42) 0.938 | “43 a2) | <0001 1 T a1) | <0001 Ta a1y | <0001
Creatinine 7.7 83.0 81.2 75.0 90.0 75.0 91.3 72.0
ol (63.0, (66.7, | <0.001 | (66.0, (62.8, | <0.001 | (70.0, (62.4, | <0.001 | (71.0, (61.0, | <0.001
H 98.0) | 124.0) 110.0) | 95.0) 138.0) | 94.0) 140.0) | 88.1)
38.4 375 38.0 38.7 37.0 38.7 36.0 39.7
Albumin, g/L (35.0, (33.0, 0.006 (34.1, (34.9, 0.076 (33.3, (35.0, 0.019 (32.0, (36.0, | <0.001
41.3) 41.0) 41.0) 41.7) 41.0) 41.7) 39.4) 42.1)
Total bilirubin, 7.9 (6.0, | 8.1 (6.0, 7.8(6.0, | 8.0(5.58, 75(5.4, | 8.0 (6.0, 8.0(5.8, | 8.0(6.0,
pmol/L 10.2) 12.0) 0.164 10.0) 11.0) 0.580 10.4) 11.0) 0.116 10.6) 10.6) 0.604
67.3 74.0 70.0 69.0 70.0 69.1 69.3 70.0
ALP, U/L (55.1, (60.0, | <0.001 | (57.0, (56.0, 0.752 (57.0, (57.0, 0.789 (55.0, (57.5, 0.843
82.0) 92.4) 84.0) 84.0) 83.0) 84.8) 88.0) 83.5)
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27.0 25.1 278 26.1 26.0 27.0 24.4 28.6
ALT, U/L (180, | (169, | 0295 | (200, | (170, | 0142 | (178, | (80, | 0145 | (170, | (190, | <0.001
395 | 37.0) 39.4) | 41.0) 34.9) | 417) 36.0) | 42.8)
2130 | 2340 2140 | 219.0 2160 | 217.0 2460 | 209.0
LDH, U/L (178.0, | (192.0, | 0.002 | (183.0, | (180.0, | 0720 | (190.0, | (1810, | 0505 | (1920, | (175.0, | <0.001
277.0) | 303.0) 281.0) | 281.0) 277.0) | 283.0) 362.0) | 254.0)
13(0.4, | 1.2(03, 1.7(0.4, | 1.1 (04, 15(0.4, | 1.3 (0.4 2.9(05, | 0.8(0.3,
CRP, mg/dL A 5.0) 0.980 | “g 2.9 0032 | “35 46) 0376 | “7%) 26) | <0001
38.6 47.0 43.0 37.0 45.6 39.8 46.0 34.0
ESR, mm/hour (10, | (225, | 0060 | (205, | (210, | 0844 | (215 | (210, | 0622 | (250, | (185 | 0.002
65.2) | 84.1) 68.0) | 64.0) 725 | 68.0) 80.0) | 535)
Procalcitonin, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(01, 0.1(0.1, | 0.1(01,
ng/mL 0.3) 03) | 290 | To3 03 | 2% | o3 03 | 238 | To3 0.1) | <000l
. 13.0 12.9 12.9 132 12.9 132 12.9 132
'jfj‘i_mog'(’b'”’ (120, | (116 | 0225 | (118 | (2.1, | 0008 | (116, | (121, | 0003 | (115 | (121, | 0.002
g 140) | 14.2) 139) | 143) 139) | 143) 140) | 142)
White cell count, | 5.7 (4.6, | 5.7 (4.4, 5.8 (4.8, | 56 (4.4, 6.1 (46, | 5.6 (45, 6.1(48, | 55 (4.4,
Xx10%/L 7.2) 7.2) 0611 1 ™74 7.0) 00021 72 4 7.1) 0.03L | ") 69) | <0001
Lymphocyte 1.2(09, | 1.1(08, 12(09, | 1.2 (08, 11(08, | 1.2(0.9, 11(08, | 1.2 (0.9,
count, x10%/L 1.6) 1.5) 0.044 1.6) 1.5) 0.451 1.5) 1.6) 0.138 1.4) 17y | <000
olatelet count 2040 | 1880 2060 | 197.0 2040 | 1980 199.0 | 207.0
: (160.0, | (149.0, | 0.003 | (1610, | (156.0, | 0027 | (159.0, | (156.0, | 0.336 | (1510, | (166.0, | 0.101
X109/
254.0) | 234.0) 258.0) | 243.0) 249.0) | 250.0) 255.0) | 260.0)
orothrombin 11.9 121 11.9 11.9 121 11.9 121 118
kbbb (113, | (@14, | oooe | (14, | @13 | o819 | (w5 | (3, | 0026 | (15 | (112, | <0.001
' 125) | 129) 126) | 125) 128) | 125) 129) | 123)

In-hospital treatment, n (%)
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- 10.0 11.0
Oseltamivir 9(122) | 2079 | 0739 |50(13) | g 1 |s0as) | gy | 072 |70@8) |600)| 0074
— 236 84 1250 | 2210 750 | 290.0 1030 | 1850
Ribavirin @320) | @31 | 288 | @25 | (325) 1 @77 | @05 | %90 | 377 | o7 | 0922
Lopinavir- 200 73 1100 | 184.0 530 | 2560 930 | 125.0
ritonavir @) | @87 | %% | se) | 71) | 9% | (266) | (26.9) 1 @341) | (0.1) | <000
425 164 2200 | 409.0 1220 | 556.0 1870 | 3090
Interferon beta (57.7) (64.6) 0.063 (57.1) (60.2) 0.357 (61.3) (58.2) 0.498 (68.5) (49.6) <0.001
Antibiotic 444 176 2460 | 4050 1250 | 5820 2100 | 2730
therapy ©02) | 69.3) | 9 | 639) | 96) | 91 | 628 | 611 | O | (769) | (3g | 000
Anti-fungal 80 26 520 | 580 320 | 810 470 | 400
therapy 109 | w02 | 28 | @35 | @5 | 9% | @y | @5 | %99 | a2 | (64 | 00
. . 367 142 201.0 | 3300 1080 | 4750 1680 | 2030
Corticosteroid (49.8) (55.9) 0.108 (52.2) (48.6) 0.286 (54.3) (49.9) 0.296 (61.5) (32.6) <0.001
Pulse
methylprednisolo | 2(027) | 1(039) | 1 | 1.0(03) | 40(0.6)| 0659 |0.0(00) |40(04) | 1 |1.0(04)|10(0.2) | 0517
ne
IVIG 2(027) | 2(0.79) | 0272 | 20(05) | 20(0.3) | 0623 | 0.0(0.0) | 5.0(0.5) | 059 | 20(0.7) | 0.0(0.0) | 0.093

Data are presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables

ALP, alkaline phosphatase; ALT, alanine transaminase; CRP, C-reactive protein; DPP-4, dipeptidyl peptidase-4; ESR, erythrocyte sedimentation rate; IVIG,

intravenous immune globulin; LDH, lactate dehydrogenase
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Supplementary Table 4: Incidence rate, per 1,000 person-year, of clinical outcome from COVID-19 according to baseline use or non-use of

metformin, sulphonylureas, DPP-4 inhibitors and insulin

Metformin Sulfonylureas DPP4-inhibitors Insulin
Non- Non- Non- Non-
Users p-value Users p-value Users p-value Users p-value
users users users users
ICU admission 4176.3 | 4063.2 0.879 6185.6 | 3042.6 | <0.001 | 4146.0 | 3958.9 0.814 7525.9 783.6 <0.001
Mechanical ventilation | 2101.5 1885.2 0.648 2894.0 | 1437.5 0.001 2287.6 1839.8 0.366 3519.7 179.8 <0.001
In-hospital death 1258.8 2946.5 | <0.001 | 1673.1 1454.3 0.530 1561.2 1521.9 0.923 1734.8 977.2 0.036
ICU admission
mechanical ventilation
] ] 49141 6633.4 0.043 7134.4 | 4202.9 | <0.001 | 5186.2 | 5100.3 0.924 8728.4 1615.4 | <0.001
and/or in-hospital
death

DPP-4, dipeptidyl peptidase-4; ICU, intensive care unit
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Supplementary Table 5: Multivariate Cox regression with propensity score weighting for the association between baseline use of glucose-

lowering drugs and clinical outcome

and/or in-hospital
death, n (%)

Metformin Sulphonylureas DPP-4 inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
ICU admission, n (%) 0.51 (0.30, 0.86) 0.012 1.42 (0.90, 2.25) 0.131 0.46 (0.28, 0.76) 0.002 | 9.79 (4.26,22.50) | <0.001
Mechanical 21.21 (4.40,
o 0.29 (0.12, 0.72) 0.008 1.30 (0.70, 2.44) 0.405 0.42 (0.18, 0.98) 0.044 <0.001
ventilation, n (%) 102.31)
In-hospital death, n
) 0.45 (0.23, 0.89) 0.022 2.87 (1.40, 5.88) 0.004 0.78 (0.38, 1.59) 0.487 | 2.86(0.81, 10.13) 0.103
0
ICU admission,
mechanical ventilation
0.53 (0.35, 0.81) 0.003 1.55 (1.02, 2.34) 0.04 0.48 (0.30, 0.76) 0.002 | 5.90(3.41,10.20) | <0.001

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular disease,

chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), baseline use of other glucose-lowering drugs, statins and RAAS

inhibitors, in-hospital use of other glucose-lowering drugs, and propensity score

Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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Supplementary Table 6: Multivariate Cox regression for the association between baseline use of glucose-lowering drugs and clinical outcome

after excluding patients who were identified as having diabetes based on a single fasting plasma glucose (n=25)

Metformin Sulfonylureas DPP4-inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
ICU admission 0.58 (0.35, 0.97) 0.039 1.48 (0.97, 2.25) 0.067 0.48 (0.29, 0.79) 0.004 |12.49(5.85, 26.68) | <0.001
Mechanical ventilation 0.49 (0.25, 0.97) 0.039 1.36 (0.77, 2.39) 0.286 0.62 (0.32, 1.20) 0.153 (34.23 (4.40, 266.34)| <0.001
In-hospital death 0.47 (0.25,0.90) | 0.023 | 2.36(1.21,4.58) | 0.011 0.70 (0.35,1.39) | 0.303 | 3.28(1.21,8.91) | 0.020
ICU admission,
mechanical ventilation 0.53 (0.35, 0.82) 0.004 1.56 (1.07, 2.28) 0.020 0.47 (0.30, 0.74) <0.001 | 6.44(3.71,11.20) | <0.001

and/or in-hospital death

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular disease,

chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), baseline use of other glucose-lowering drugs, statins and RAAS

inhibitors, and in-hospital use of other glucose-lowering drugs

Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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Abstract
Objectives: To investigate the association between baseline use of glucose-lowering drugs and

serious clinical outcome among patients with type 2 diabetes.

Design: Territory-wide retrospective cohort of confirmed cases of COVID-19 between January

2020 and February 2021.

Setting: All public health facilities in Hong Kong.

Participants: 1,220 patients with diabetes who were admitted for confirmed COVID-19.

Primary and secondary outcome measures: Composite clinical endpoint of intensive care unit

(ICU) admission, requirement of invasive mechanical ventilation, and/or in-hospital death.

Results: In this cohort (median age 64.7 years, 54.3% men), 737 (60.4%) patients were treated
with metformin, 385 (31.6%) with sulphonylureas, 199 (16.3%) with DPP-4 inhibitors, and 273
(22.4%) with insulin prior to admission. In multivariate Cox regression, use of metformin and
DPP-4 inhibitors was associated with reduced incidence of the composite endpoint relative to
non-use, with respective hazard ratios (HRs) of 0.51 (95% confidence interval [CI] 0.34, 0.77,
p=0.001) and 0.46 (95% CI 0.29, 0.71, p<0.001), adjusted for age, sex, diabetes duration,
HbAlc, smoking, comorbidities and drugs. Use of sulphonlyureas (HR 1.55, 95% CI 1.07, 2.24,
p=0.022) and insulin (HR 6.34, 95% CI 3.72, 10.78, p<0.001) were both associated with

increased hazards of the composite endpoint.

3
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Conclusions: Users of metformin and DPP-4 inhibitors had fewer adverse outcomes from

oNOYTULT D WN =

COVID-19 compared with non-users, whereas insulin and sulphonylurea might predict a worse

10 prognosis.

15 Strengths and limitations of this study

17 e This cohort study included over 95% of all patients with COVID-19 in Hong Kong in the
study period.

22 e Statistical methods including multivariable adjustment and propensity score weighting

24 have been adopted to adjust for important confounders of the clinical endpoints.

e The study is an observational retrospective cohort study with inherent limitations related

29 to unmeasured confounding.

31 e The study is not able to infer causality given the likelihood of confounding by indication,
e.g. with respect to metformin and insulin use.

36 e We reported data in Chinese people and our results cannot be generalised to other ethnic

38 groups.
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Introduction

Patients with diabetes are more likely to have serious outcomes from coronavirus infections
including severe acute respiratory syndrome (SARS), Middle-East respiratory syndrome (MERS)
and coronavirus disease 2019 (COVID-19) (1-6). In a population-based analysis of in-hospital
fatalities due to COVID-19 in the United Kingdom, type 1 diabetes and type 2 diabetes were
associated with increased odds of 3.5 and 2.0 for death, adjusted for age, sex and
sociodemographic factors (6). The excess deaths might be related to co-occurrence of other
medical conditions such as obesity and cardiovascular diseases that are independent risk factors
for adverse outcomes (7-10). Furthermore, diabetes gives rise to aberrant inflammatory
responses which predispose to more intense lung infiltration, cytokine storm and multiorgan
failure (11). Pro-inflammatory indicators such as interleukin (IL)-6, IL-2 receptor, procalcitonin,
tumour necrosis factor (TNF)-a and C-reactive protein (CRP) levels are generally higher in

patients with diabetes compared with those without diabetes (12).

Several glucose-lowering drug classes have immunomodulatory effects. Metformin activates
AMP-activated protein kinase (AMPK) which in turn suppresses a number of inflammatory

pathways including nuclear factor kappa B and mammalian target of rapamycin (13,14).

5
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Activation of AMPK also stabilises angiotensin converting enzyme (ACE) 2, the vasodilator

effect of which improve organ blood flow and may protect against lung injury (15). Both

oNOYTULT D WN =

observational cohort and randomised controlled studies reported reduced risks of pneumonia and
10 other infections with metformin therapy (16,17). Dipeptidyl peptidase-4 (DPP-4), also known as
cluster of differentiation (CD) 26, is expressed in immune cells and is implicated in the

15 regulation of adaptive immunity (18). In a case-control study of patients with COVID-19, in-

17 hospital treatment with sitagliptin was linked to improved survival and other measures of clinical
outcome (19). However, the beneficial effects of DPP-4 inhibitors have not been supported by

22 other studies (20-22). In a territory-wide retrospective cohort of confirmed cases of COVID-19
24 between January 2020 and February 2021, we investigated the association between baseline use

of glucose-lowering drugs and serious clinical outcomes among patients with type 2 diabetes.

31 Methods

33 Setting and patients

The Hong Kong Hospital Authority (HA) governs all public hospitals and general out-patient
38 departments in the territory and provides care for approximately 80% of local residents (23).
40 Given the high cost differential in healthcare between the public and private sector with the
private sector being significantly more expensive, people who utilise health services in the

45 private sector are usually at a more favourable socioeconomic position. Since the beginning of
47 the pandemic, all cases of COVID-19, including symptomatic cases presented to out-patient
clinics or hospitals, asymptomatic contacts of confirmed cases, and inbound travellers, were
5o admitted to HA healthcare facilities. Clinical data including past medical diagnoses, drug

54 prescription records, laboratory results, admission records and vital status were captured in the
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Clinical Data Analysis and Reporting System (CDARS), an electronic medical record system
used in the Hong Kong HA. We retrieved data of all patients presented with COVID-19 who
admitted between 23 January 2020 (the first case in Hong Kong) and 28 February 2021 (24). All
patient data were anonymised to ensure confidentiality. Patients aged below 18 years were
excluded. This study was approved by the Joint Chinese University of Hong Kong — New

Territories East Cluster Clinical Research Ethics Committee.

Data collection

Patients with COVID-19 were identified based on positive SARS-CoV-2 polymerase chain
reaction in nasopharyngeal swab in any one of the HA laboratories (25). For each patient, we
obtained demographic data (age, sex), relevant diagnoses using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, drug prescription record for
at least 12 months before admission, laboratory results for plasma glucose, HbAlc and lipid
profile for at least 12 months before admission, as well as plasma glucose, kidney function, liver
function, inflammatory markers, haematology and coagulation study on the day of admission.
Progress during admission including treatment with corticosteroid, intravenous immunoglobulin,
anti-viral therapy, anti-fungal therapy, antibiotic therapy, mechanical ventilation, and transfer to
intensive care unit (ICU) were also retrieved. Patients were followed from the date of diagnosing

COVID-19 until discharge from hospital or death. Data capture was censored on 24 April 2021.

Definition and outcome
A patient was classified to have type 2 diabetes if he or she fulfilled one or more of the following

criteria within 12 months before admission: use of non-insulin glucose-lowering drugs for at

7
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least one day, continuous use of insulin for >28 days, HbAlc >6.5% in any one measurement,
fasting plasma glucose >7.0 mmol/L in any one measurement, and/or diagnosis code of type 2

diabetes based on ICD-9-CM.

Baseline use of glucose-lowering drugs, including metformin, sulphonylureas (glibenclamide,
gliclazide, glimepiride, glipizide), DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin,
sitagliptin, vildagliptin), and insulin, was identified based on prescription record of the respective
drug. Patients were considered to be baseline users if a prescription record was found within 12
months before and up to the day of admission. Patients were considered to be non-users if a
prescription record was not found within 12 months before admission, on the day of and during
admission. We have not set a minimum exposure time to define users because patients who
attended the private sector for diabetes treatment would not have any prescription records in the
HA CDARS before admission, but they would have a prescription record on the day of
admission indicating their pre-admission use of the drug. The proportion of patients receiving

medical care in the private sector is around 10% (23).

Relevant comorbidities were identified as follows: hypertension was defined as the use of blood
pressuring lowering drugs within 12 months before admission and/or ICD-9-CM code of
hypertension (Supplementary Table 1); chronic kidney disease was defined as having an
estimated glomerular filtration rate <60 ml/min/1.73m? as determined using the Chronic Kidney
Disease Epidemiology Collaboration equation within 12 months prior to admission and/or ICD-
9-CM codes of kidney diseases (Supplementary Table 1); chronic liver disease, coronary heart

disease, congestive heart failure, cerebrovascular disease, chronic obstructive airway disease and

8
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cancer were defined based on ICD-9-CM codes (Supplementary Table 1). The use of ICD-9-CM
codes in CDARS to identify medical conditions has been shown to be 99% accurate when
referenced to clinical, laboratory, imaging and endoscopy results from the electronic medical
records (26). Clinical endpoints included ICU admission, mechanical ventilation, in-hospital
death, and composite endpoint of ICU admission, mechanical ventilation and/or in-hospital
death. For the composite endpoint, patients were followed from the date of diagnosing COVID-
19 until the date of ICU admission, use of mechanical ventilation, in-hospital death, or discharge
from hospital, whichever came first. For the individual clinical endpoint, patients were followed
from the date of diagnosing COVID-19 until the date of the occurrence of that individual clinical

endpoint or discharge from hospital, whichever came first.

Statistical analysis

Analysis was conducted using R software (4.0.0). Continuous variables were expressed as mean
+ standard deviation (SD) or median (interquartile range [IQR]), as appropriate, and categorical
variables as number (percentages). Between-group comparison was conducted by chi-square test
for categorical variables, Student’s t-test for normally distributed continuous variables, and
Kruskal-Wallis test for continuous variables with skewed distribution. Clinical characteristics
were compared between users and non-users of metformin, sulphonylureas (glibenclamide,
gliclazide, glimepiride, glipizide), DPP-4 inhibitors (alogliptin, linagliptin, saxagliptin,
sitagliptin, vildagliptin), and insulin. Due to small number, use of thiazolidinediones, glucagon-
like peptide-1 receptor agonists and sodium-glucose transport protein 2 inhibitors were not
tested. Multivariate Cox regression was conducted to derive the hazard ratios (HRs) and 95%

confidence intervals (Cls) of use versus non-use of metformin, sulphonylureas, DPP-4 inhibitors

9
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and insulin for primary and secondary clinical endpoints. The multivariate Cox model was
adjusted for age, sex, diabetes duration, smoking, HbAlc, comorbidities (history of
hypertension, coronary heart disease, congestive heart failure, cerebrovascular disease, chronic
kidney disease, chronic liver disease, chronic obstructive airway disease, and cancer), baseline
use of other glucose-lowering drugs, statins and renin-angiotensin-aldosterone system (RAAS)
inhibitors, and in-hospital use of other glucose-lowering drugs. The multivariate Cox regression
was limited to patients with available HbA1c measurement (n=886) in whom the latest HbAlc
obtained within 12 months of hospital admission was used. The selection of variables was based
on known or possible link between these variables and clinical endpoints. Due to the small
proportion of patients with available data on body mass index (BMI) (9.3%), BMI was not
included in the multivariate Cox regression model. In a sensitivity analysis, we generated
propensity scores for glucose-lowering drug use using logistic regression model that contained
age, sex, smoking, diabetes duration, comorbidities and baseline use of other glucose lowering
drugs, statins and RAAS inhibitors using the overlap propensity score weighting method (27).
The weights were included in the multivariate Cox models to balance the differences in patient
characteristics between glucose-lowering drug use groups. We also repeated the multivariate Cox
regression excluding patients whose diabetes status was established by a single fasting plasma

glucose measurement only, as these patients might not have diabetes.

Patient and Public Involvement

There was no patient of public involvement.

Results

10
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Baseline clinical characteristics by glucose lowering drug classes

Of 9,839 adult patients with COVID-19, 1,220 patients (12.4%) had type 2 diabetes. Patients
with diabetes were older, had a male preponderance and higher frequencies of comorbidities than
those without diabetes (Supplementary Table 2). In patients with diabetes, 737 (60.4%) were
treated with metformin, 385 (31.6%) with sulphonylureas, 199 (16.3%) with DPP-4 inhibitors,
and 273 (22.4%) with insulin at baseline. Generally, users of each of the glucose-lowering drug
class had longer diabetes duration and higher HbA 1c levels than non-users of the respective drug
class, whereas BMI did not differ (Table 1). Metformin users were younger and users of insulin
and DPP-4 inhibitors were older than their respective non-users, whilst no age difference was
detected between users and non-users of sulphonylureas (Table 1). Coronary heart disease and
heart failure were less common in metformin users and more common in insulin users when
compared to their respective non-users (Table 1). Chronic kidney disease was also less common
in metformin users but more prevalent among users than non-users of other glucose-lowering

drug classes (Table 1).

Markers of disease severity and outcome by glucose lowering drug classes

On admission, random plasma glucose levels were higher in users than non-users of most oral
glucose-lowering drugs, except for DPP-4 inhibitors (Supplementary Table 3). In addition,
metformin users had higher lymphocyte count, lower alkaline phosphatase (ALP) levels and
lactate dehydrogenase (LDH) levels than metformin non-users (Supplementary Table 3). Users
of sulphonylureas had higher CRP levels and total white cell count, and users of DPP-4
inhibitors had higher total white cell count compared with respective non-users (Supplementary

Table 3). Insulin users had higher plasma glucose levels, higher levels of most inflammatory
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markers including LDH, CRP, erythrocyte sedimentation rate and procalcitonin, and lower

lymphocyte count than insulin non-users (Supplementary Table 3).

There were overall no differences in the proportion of patients receiving most types of anti-
microbial therapy, corticosteroid and IVIG between users and non-users of metformin,
sulphonylureas and DPP-4 inhibitors, with the exception of less frequent administration of
antibiotics among metformin users and more frequent use of anti-fungal therapy among users of
sulphonylureas and DPP-4 inhibitors (Supplementary Table 3). Insulin users were more likely to
be treated with anti-microbial therapy and corticosteroid than non-users (Supplementary Table

3).

During admission, 235 patients (19.3%) developed composite primary endpoint, 187 patients
(15.3%) were transferred to ICU, 110 patients (9.0%) required mechanical ventilation, and 90
patients (7.4%) died. Fewer metformin users reached composite endpoint (Proportions: 17.2%
versus 27.6%, p=0.001; Incidence rates: 4914.1 versus 6633.4 per 1,000 person-year, p=0.043)
or died (Proportions: 4.0% versus 17.3%, p<0.001; Incidence rates: 1258.8 versus 2946.5 per
1,000 person-year, p<0.001) compared with non-users (Table 2, Supplementary Table 4). Users
of sulphonlyureas and insulin were more likely than non-users to reach composite endpoint,
required ICU admission and mechanical ventilation, and insulin users were also more likely to
die than non-users (Table 2, Supplementary Table 4). The proportion of patients developing
primary or secondary endpoints were similar between users and non-users of DPP-4 inhibitors

(Table 2, Supplementary Table 4).
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Association between pre-admission use of glucose lowering drugs and clinical outcome

In multivariate Cox regression model, baseline use of metformin was associated with reduced
hazards of composite endpoint of ICU admission, mechanical ventilation and/or in-hospital death
(adjusted HR 0.51 [95% CI 0.34, 0.77], p=0.001) and individual endpoints of ICU admission
(adjusted HR 0.53 [95% CI 0.33, 0.86], p=0.010), mechanical ventilation (adjusted HR 0.51
[95% C1 0.27, 0.97], p=0.041) and in-hospital death (adjusted HR 0.51 [95% CI1 0.27, 0.97],
p=0.039) relative to non-use (Table 3). Baseline use of DPP-4 inhibitors was associated with
reduced hazards of composite endpoint (adjusted HR 0.46 [95% CI 0.29, 0.71], p<0.001) and
ICU admission (adjusted HR 0.45 [95% CI 0.28, 0.74]. p=0.002) (Table 3). Use of
sulphonlyureas (adjusted HR 1.55 [95% CI 1.07, 2.24], p=0.022) and insulin (adjusted HR 6.34
[95% CI 3.72, 10.78], p<0.001) were both associated with increased hazards of the composite
endpoint (Table 3). Sensitivity analysis using multivariate Cox regression with propensity score
weighting yielded similar findings (Supplementary Table 5). Exclusion of patients who were
identified as having diabetes based on a single fasting plasma glucose measurement (n=25) had

minimal effect on the results (Supplementary Table 6).

Discussion

In a territory-wide cohort of patients with diabetes presented with COVID-19, we showed that
pre-admission use of metformin and DPP-4 inhibitors was linked to reduced risks of serious
outcome, whereas the use of sulphonylureas and insulin was associated with a worse prognosis
Our findings corroborate and extend the results of previous studies and suggest a possible
protective role of metformin and DPP-4 inhibitors against severe respiratory tract infection. The

strength of our study includes the unbiased nature of the cohort as the database captured all
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patients with COVID-19 in Hong Kong. Both symptomatic and asymptomatic patients were
admitted to healthcare facilities and their clinical data were included in the present analysis.
Furthermore, the use of a universal electronic medical record for drug prescription ensures that

we have accurately classified use and non-use of different glucose-lowering drug classes.

Metformin, infection and COVID-19

Several observational studies in patients hospitalised with COVID-19 reported the association
between metformin use and death and other measures of adverse outcome (22, 28-31). In a
nationwide study conducted in England including 2.85 million patients with type 2 diabetes
among whom 13,479 had a record of COVID-19-related deaths, those prescribed metformin had
fewer deaths with adjusted HR 0.77 when compared to those not prescribed metformin (22). In
another study of 6,256 patients (mean age 75 years) with either type 2 diabetes or obesity
admitted with COVID-19 in the United States (U.S), metformin use was found to reduce the risk
of death in women with HR 0.79 adjusted for age and comorbidities although no effect was
observed in men (28). Two meta-analyses also noted a protective effect of metformin with
pooled odds ratios of around 0.6 for mortality from COVID-19 (32,33). However, in an analysis
of 1,317 patients (mean age 70 years) with COVID-19 and diabetes in France, metformin was
associated with fewer deaths in univariate but not in multivariate analysis (7). Similarly, among
1,297 patients (mean age 75 years) with diabetes hospitalised for COVID-19 in Spain, the group
on metformin were less likely to die and/or require ICU admission or mechanical ventilation than
non-users, but no difference was detected when the two groups were propensity matched for
demographics, comorbidities and drugs (20). In the present study, we found that metformin was

associated with 50% reduction in the risk of in-hospital deaths and 50% reduction in the risk of
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composite clinical endpoint. The inconsistency in findings between studies could be due to a
number of factors, including but not limited to differences in age and disease characteristics of
the patient cohorts and in the statistical methods used to examine drug effects. One of the
limitations of our study is the high proportion of patients with missing information on
anthropometric measures and we did not include these variables in multivariate adjustment.
Previous studies have reported a U-shape relationship between BMI and deaths from COVID-19
in people with and without diabetes (34, 35). Obesity alters the mechanics of the lungs and chest
wall which increases the susceptibility to respiratory failure during infection. Furthermore,
confounding by indication remained an important source of bias in our study as patients who
were not prescribed metformin might have other medical conditions, for example, malnutrition,
kidney or liver diseases, that contraindicated the use of metformin and conferred a poorer
prognosis from COVID-19 (36). Nonetheless, our results are in line with most other studies
suggesting possible benefits of metformin, or at least no evidence of harm, in patients with type 2

diabetes afflicted by COVID-19.

The immunomodulatory action of metformin has been demonstrated in cell and animal models as
well as in human studies, and is independent of the metabolic function of the drug (13). In a
recent randomised control trial of 53 patients taking systemic glucocorticoid for inflammatory
diseases, those assigned metformin had reduced levels of high sensitivity CRP and neutrophil
counts, accompanied by lower frequencies of pneumonia and moderate-to-severe infection than
the placebo arm over a 12-week period (37). In the present study, metformin users had lower

LDH levels and higher lymphocyte counts on admission than non-users. In infected patients,
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metformin may dampen the exaggerated immune reaction to SARS-CoV-2 which is causal for

the development of severe lung injury and cytokine storms associated with type 2 diabetes (11).

DPP-4 inhibitors and COVID-19

Dipeptidyl-peptidase-4 inhibitors have pleiotropic effects on the immune system and the effect of
this drug class as an ancillary treatment of inflammatory diseases such as rheumatoid arthritis
and viral infections have been previously examined (18). Moreover, DPP-4 is a known receptor
for MERS-CoV in human. It has been speculated that DPP-4 may also mediate the entry of
SARS-CoV-2, although the evidences for this are yet to be consolidated (38,39). In an Italian
study of 338 patients with diabetes admitted with COVID-19, in-hospital initiation of sitagliptin
reduced deaths by 56% and ICU admission by 49% (19). Another case series in Italy including
90 patients with diabetes reported fewer COVID-19-related deaths among prevalent users of
DPP-4 inhibitors adjusted for age and sex (40). In the present study, baseline use of DPP-4
inhibitors was associated with reduced risk of composite clinical endpoint although in-hospital
deaths were not reduced. Notably, several observational studies and a meta-analysis did not find
an association between DPP-4 inhibitors and complications from COVID-19 (20,21,41). In
particular, in the large study conducted in England, COVID-19-related deaths occurred more
frequently in patients prescribed DPP-4 inhibitors (22). Differences in statistical procedures may
account for the inconsistent findings. Further studies are needed to investigate whether long-term

exposure of this drug class can improve prognosis of coronavirus infection.

Insulin and COVID-19
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We revealed a positive relationship between pre-admission insulin use and composite clinical
outcome, driven mainly by increased hazards for ICU admission and mechanical ventilation
among insulin users. Our results are consistent with several other studies suggesting that insulin
use may predict a worse outcome from COVID-19 (20,42). Insulin therapy is usually initiated
late in the diabetes continuum and it is very possible that the positive association between insulin
use and adverse outcome was due to incomplete statistical removal of confounding by indication.
In the present study, insulin users were significantly older and were more likely to have
premorbid kidney and cardiovascular diseases. On admission, insulin users also had higher
inflammatory markers and lower lymphocyte counts which are important severity indicators.
Although insulin therapy is deemed the most appropriate glucose-lowering option during acute
illnesses, high level of vigilance should be maintained in managing patients on chronic insulin

therapy who have a greater likelihood of deterioration.

Sulphonylurea and COVID-19

The risk association between sulphonylureas and in-hospital death was less expected and not
well explained. In Hong Kong, sulphonylureas is widely prescribed as a second-line drug after
metformin. In the present cohort, the frequencies of comorbidities were mostly balanced between
users and non-users of sulphonylureas with the exception of a higher prevalence of chronic
kidney disease among users. Previous studies on COVID-19 did not show harm associated with
sulphonylurea use. Glyburide has been shown to suppress the immune system but studies on the

use of sulphonylurea with infection outcome have produced mixed results (43).

Limitations
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We acknowledge the following limitations. This was an observational cohort study with inherent
limitations related to unmeasured confounding. Metabolic parameters including BMI were not
available in a large proportion of patients and these variables were not included in the statistical
adjustment. Among people with available BMI data, the mean BMI did not differ between users
and non-users of glucose-lowering drug classes. Hence, we would speculate that the lack of
adjustment for BMI in the Cox regression would not have made significant impact on the results.
Despite statistical efforts to adjust for comorbidities, we could not fully address residual
confounding by drug indication. In this connection, our results cannot be taken to infer causality
between drug use and clinical outcome. Although we have included over 95% of all patients with
COVID-19 in Hong Kong, the size of our cohort was relatively small. We reported data in

Chinese people and our results cannot be generalised to other ethnic groups.

Conclusion

In this retrospective cohort of Chinese with type 2 diabetes, background use of metformin and
DPP-4 inhibitors was associated with fewer complications of COVID-19, whereas insulin and
sulphonylureas predicted a worse prognosis. Given the increased risk for serious infection in
patients with diabetes, drugs with off-target action in immune pathways could be further
evaluated for potential new application beyond the ambit of their original indication and assessed

for use in modifying outcome from infectious diseases.
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1
2
i Table 1: Clinical characteristics of patients with type 2 diabetes according to pre-admission use or non-use of metformin, sulphonylureas,
5 C e . .
6 DPP-4 inhibitors and insulin.
7
8 Metformin Sulphonylureas DPP-4 inhibitors Insulin

Users Non-users P Users Non-users P Users Non-users P Users Non-users P
:: %umber 737 254 385 679 199 952 385 679
1Pemographics
T3 ec, years 65.6(57.7,72.6) | 68.9(613,79.7) | <0.001 | 66.0(58.5,73.1) | 65.3(57.3,73.6) | 0.656 | 67.0(584,755) | 65.1(56.8,72.2) | 0.029 | 66.0(585,73.1) | 653(57.3,73.6) | 0.656
:g/len, n (%) 405 (55.0) 131 (51.6) 0.391 222 (57.7) 350 (51.5) 0.063 118 (59.3) 506 (53.2) 0.133 222 (57.7) 350 (51.5) 0.063
1 §x-/active smoker, n (%) 125 (17.0) 49 (19.3) 0.443 70 (18.2) 113 (16.6) 0.687 34(17.1) 163 (17.1) 0.818 70 (18.2) 113 (16.6) 0.687
1 Metabolic parameters
:giabetes duration, years 1.8 (1.4, 6.4) 1.2(0.5,2.5) <0.001 1.8 (1.4,7.6) 1.3(0.0, 1.9) <0.001 3.9(1.5,11.3) 1.4 (0.0, 1.9) <0.001 1.8 (1.4,7.6) 1.3 (0.0, 1.9) <0.001
RBMI, kg/m? 24.1(21.5,27.7) 23.7(22.2,27.0) 0.670 244 (21.8,27.8) 23.5(21.5,27.0) 0.382 25.0 (18.7,27.0) 23.3(21.6,27.4) 0.636 22.9(19.8,25.9) 24.4(22.2,27.4) 0.051
ZHbAlc, % 7.3 (6.6, 8.5) 6.6 (6.1,7.8) <0.001 7.7(6.9,9.1) 6.9(6.4,8.2) <0.001 7.6 (6.8, 8.9) 7.2(6.5,8.9) 0.027 7.7(6.9,9.1) 6.9(6.4,8.2) <0.001
§§DL-C, mmol/L 2.1(1.7,2.7) 2.4(1.7,3.0) 0.004 2.1(1.7,2.6) 22(1.7,2.8) 0.081 2.0(1.5,2.5) 23(1.7,2.8) <0.001 2.1(1.7,2.6) 22(1.7,2.8) 0.081
DHDL-C, mmol/L 1.2 (1.0, 1.5) 1.2 (1.0, 1.5) 0.857 1.2 (1.0, 1.4) 1.2 (1.0, 1.5) 0.17 1.2 (1.0, 1.4) 1.2 (1.0, 1.5) 0311 1.2 (1.0, 1.4) 1.2 (1.0, 1.5) 0.17
25riglyceride, mmol/L 1.3 (0.9, 1.9) 1.4 (1.0, 2.0) 0.093 1.3 (1.0, 1.9) 1.36 (0.9, 2.0) 0.666 1.4 (1.0, 1.9) 1.4 (1.0, 2.0) 0.774 1.3 (1.0, 1.9) 1.36 (0.9, 2.0) 0.666
;gfomorbidities, n (%)

D8lypertension 465 (63.1) 144 (56.7) 0.083 267 (69.4) 329 (48.5) <0.001 123 (61.8) 498 (52.3) 0.018 267 (69.4) 329 (48.5) <0.001
Boronary heart disease 76 (10.3) 48 (18.9) 0.001 45 (11.7) 79 (11.6) 1 30 (15.1) 96 (10.1) 0.054 45 (11.7) 79 (11.6) 1
3$Iean failure 22 (3.0) 22(8.7) <0.001 13 (3.4) 29 (4.3) 0.578 11 (5.5) 32(3.4) 0.208 13 (3.4) 29 (4.3) 0.578
B §erebrovascular disease 66 (9.0) 40 (15.7) 0.004 31(8.1) 72 (10.6) 0.213 26 (13.1) 82 (8.6) 0.068 31(8.1) 72 (10.6) 0.213
B8hronic kidney disease 144 (19.5) 96 (37.8) <0.001 98 (25.5) 135 (19.9) 0.042 72 (36.2) 164 (17.2) <0.001 98 (25.5) 135 (19.9) 0.042

2§hronic liver discase 26 (3.5) 17 (6.7) 0.05 16 (4.2) 27 (4.0) 1 9 (4.5) 34 (3.6) 0.661 16 (4.2) 27 (4.0) 1
3§OPD 39(5.3) 19 (7.5) 0.26 23 (6.0) 35(5.2) 0.671 10 (5.0) 50 (5.3) 1 23 (6.0) 35(5.2) 0.671
BZancer 41 (5.6) 35(13.8) <0.001 18 (4.7) 58 (8.5) 0.026 12 (6.0) 70 (7.4) 0.611 18 (4.7) 58 (8.5) 0.026
5§aseline drug use, n (%)

4 dytetformin | 737 (100.0) 0 (0.0) <0.001 | 352 (91.4) 343 (50.5) | <0.001 | 169 (84.9) 534 (56.1) | <0.001 | 352 (91.4) 343 (50.5) <0.001
a1

42

43 29

44
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Sulphonylureas

352 (47.8)

27 (10.6)

<0.001

385 (100.0)

0(0.0)

<0.001

123 (61.8)

240 (25.2)

<0.001

385 (100.0)

0 (0.0)

<0.001

DPP-4 inhibitors

169 (22.9)

28 (11.0)

<0.001

123 (31.9)

71 (10.5)

<0.001

199 (100.0)

0(0.0)

<0.001

123 (31.9)

71 (10.5)

<0.001

6 Thiazolidine-diones

84 (11.4)

6(2.4)

<0.001

58(15.1)

31 (4.6)

<0.001

39 (19.6)

50 (5.3)

<0.001

58(15.1)

31 (4.6)

<0.001

7 SGLT-2 inhibitors

70 (9.5)

8(3.2)

0.002

37 (9.6)

41 (6.0)

0.043

41 (20.6)

34 (3.6)

<0.001

37 (9.6)

41 (6.0)

0.043

IEGLPI receptor agonists

11(1.5)

2(0.8)

0.533

4(1.0)

9(1.3)

0.779

4(2.0)

8(0.8)

0.138

4(1.0)

9(1.3)

0.779

1 alsulin

208 (28.2)

49 (19.3)

0.007

120 (31.2)

129 (19.0)

<0.001

99 (49.7)

157 (16.5)

<0.001

120 (31.2)

129 (19.0)

<0.001

1 $tatins

546 (74.1)

138 (54.3)

<0.001

294 (76.4)

379 (55.8)

<0.001

153 (76.9)

528 (55.5)

<0.001

294 (76.4)

379 (55.8)

<0.001

3p lowering drugs

473 (64.2)

165 (65.0)

0.882

250 (64.9)

381 (56.1)

0.006

129 (64.8)

529 (55.6)

0.02

250 (64.9)

381 (56.1)

0.006

12
"RAAS inhibitors
14

440 (59.7)

126 (49.6)

0.006

248 (64.4)

303 (44.6)

<0.001

134 (67.3)

428 (45.0)

<0.001

248 (64.4)

303 (44.6)

<0.001

15
16
17
18
19

Data are presented as mean + standard deviation or median (interquartile range) for continuous variables, and number (percentage) for
categorical variables
20 BMI, body mass index; BP, blood pressure; COPD, chronic obstructive airway disease; DPP-4, dipeptidyl peptidase-4; GLP1, glucagon-like

21 peptide 1; HDL-C, high density-lipoprotein cholesterol; LDL-C, low density-lipoprotein cholesterol; RAAS, renin-angiotensin-aldosterone
22 system; SGLT-2, sodium glucose co-transporter-2

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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Table 2: Clinical outcome from COVID-19 according to baseline use or non-use of metformin, sulphonylureas, DPP-4 inhibitors and

insulin
Metformin Sulphonylureas DPP-4 inhibitors Insulin
Non- Non- Non- Non-
Users p-value | Users p-value | Users p-value | Users p-value
users users users users
ICU admission, n 108 43 79 79 32 136 76
0.442 <0.001 0.588 17 (2.7) | <0.001
(%) 14.7) | (16.9) (20.5) | (11.6) (16.1) | (14.3) (27.8)
Mechanical 67 51 22 51
24.(9.5) | 0.965 43 (6.3) | <0.001 78 (8.2) | 0.244 4(0.6) | <0.001
ventilation, n (%) 9.1 (13.2) (11.1) (18.7)
In-hospital death, 44 44 35 18 32
<0.001 47(6.9) | 0.248 71(7.5) | 0.538 22 (3.5) | <0.001
n (%) (6.0) (17.3) 9.1) 9.1 (1.7
ICU admission,
mechanical
127 70 91 109 40 175 88
ventilation and/or 0.001 0.003 0.642 35(5.6) | <0.001
(17.2) | (27.6) (23.6) | (16.1) (20.1) | (18.4) (32.2)
in-hospital death,
n (%)
DPP-4, dipeptidyl peptidase-4; ICU, intensive care unit
32
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Table 3: Multivariate Cox regression for the association between baseline use of glucose lowering drugs and clinical outcome

Metformin Sulphonylureas DPP-4 inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

ICU admission 0.53 (0.33, 0.86) 0.01 1.45(0.96,2.19) | 0.074 0.45(0.28,0.74) | 0.002 | 10.95(5.5,21.8) | <0.001
Mechanical 21.99 (4.85,

o 0.51(0.27,0.97) | 0.041 1.35(0.78,2.36) | 0.286 0.57(0.29, 1.11) | 0.098 <0.001
ventilation 99.6)
In-hospital death 0.51(0.27,0.97) | 0.039 242 (1.25,4.7) 0.009 0.70 (0.35,1.39) | 0.304 | 2.86(1.09,7.48) | 0.033
ICU admission,
mechanical 6.34 (3.72,

o 0.51(0.34,0.77) | 0.001 1.55(1.07,2.24) | 0.022 0.46 (0.29,0.71) | <0.001 <0.001
ventilation and/or 10.78)
in-hospital death

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular

disease, chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), pre-admission use of other glucose-lowering

drugs, statins, and RAAS inhibitors, and in-hospital use of other glucose-lowering drugs

CI, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system

33
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Supplementary Table 1: International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) diagnosis and procedure codes for comorbidities

Disease CII\?[DC-(?(-le Description
Cardiovascular diseases
401 Essential hypertension
. 402 Hypertensive heart disease
Hypertension and . L .
hypertensive diseases 403 Hype.rtenswe chronic k1dney dlseasg
404 Hypertensive heart and chronic kidney disease
405 Secondary hypertension
410 Acute myocardial infarction
411 Other acute and subacute forms of ischemic heart disease
Coronary heart o .
disease 412 Old myogardlal 1nfa}rct10n
413 Angina pectoris
414 Other forms of chronic ischemic heart disease
Heart failure 428 Heart failure
Chronic liver disease
Chronic liver disease,
liver failure, liver
cirrhosis and 570 Chronic liver disease and cirrhosis
complications
Diabetes mellitus
Diabetes mellitus 250 Diabetes mellitus
Cancer
140-149 Malignant neoplasm of lip, oral cavity, and pharynx
150-159 Malignant neoplasm of digestive organs and peritoneum
160-165 Malignant neoplasm of respiratory and intrathoracic organ
Malignant neoplasm 170-176 Malignant neoplasm of bone, connective tissue, skin, and breast
179-189 Malignant neoplasm of genitourinary organs
190-199 Malignant neoplasm of other and unspecified sites
200-209 Malignant neoplasm of lymphatic and hematopoietic tissue
Cerebrovascular disease
430 Subarachnoid haemorrhage
431 Intracerebral haemorrhage
432 Other and unspecified intracranial haemorrhage
Cerebrovascular 433 Occlusion and 'stenosis of precereb’ral arteries
events 434 Occlus'lon of cerebrgl arter}es
435 Transient cerebral ischemia
436 Acute, but ill-defined, cerebrovascular disease
437 Other and ill-defined cerebrovascular disease
438 Late effects of cerebrovascular disease

Chronic obstructive airway disease

Chronic obstructive
pulmonary disease 490-496 Chronic obstructive pulmonary disease and allied conditions
and allied conditions

Kidney diseases

581 Nephrotic syndrome
582 Chronic glomerulonephritis
Nephritis, nephrotic 583 Nephritis and nephropathy not specified as acute or chronic
syndrome, and 585 Chronic kidney disease
nephrosis 586 Renal failure, unspecified
587 Renal sclerosis, unspecified
588 Disorders resulting from impaired renal function
403.1 . . .
Others 403.9 Benign hypertensive renal disease

Unspecified hypertensive renal disease
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04.12404.1
3
404.1
404.9
753.12
753.13
753.14
274.1
593.6
593.9

BMJ Open Page 36 of 46

Benign hypertensive heart and renal disease
Unspecified hypertensive heart and renal disease
Polycystic kidney, unspecified type
Polycystic kidney, autosomal dominant
Polycystic kidney, autosomal recessive
Gouty nephropathy
Postural proteinuria
Unspecified disorder of kidney and ureter

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.
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Supplementary Table 2: Baseline clinical characteristics and in-hospital outcome of patients with and without type 2 diabetes admitted with

BMJ Open

COVID-19 in Hong Kong between January 2020 and February 2021

Patients with diabetes

Patients without diabetes

Number (%) with Number (%) with

available data available data p-value
Demographics
Age, years 1220 (100.0) 65.3 (57.1, 73.1) 9839 (100.0) 44.6 (32.3, 58.6) <0.001
Men, n (%) 1220 (100.0) 662 (54.3) 9839 (100.0) 4047 (47.0) <0.001
Ex- or current smoker 1220 (100.0) 209 (17.1) 9839 (100.0) 868 (10.1) 0.001
Metabolic parameters
Diabetes duration, years 1220 (100.0) 1.4(0.3,3.4) - - -
BMI, kg/m? 114 (9.3) 23.6 (21.5, 27.3) 598 (6.1) 23.5(20.9, 26.5) 0.380
HbA1lc, % 886 (72.6) 7.4 (6.6,9.2) 1901 (19.3) 5.8 (5.4, 6.3) <0.001
Comorbidities, n (%)
Hypertension 1220 (100.0) 644 (52.8) 9839 (100.0) 815 (9.5) <0.001
Coronary heart disease 1220 (100.0) 130 (10.7) 9839 (100.0) 148 (1.7) <0.001
Heart failure 1220 (100.0) 44 (3.6) 9839 (100.0) 44 (0.5) <0.001
Cerebrovascular disease 1220 (100.0) 111 (9.1) 9839 (100.0) 148 (1.7) <0.001
Chronic kidney disease 1220 (100.0) 249 (20.4) 9839 (100.0) 235 (2.7) <0.001
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Chronic liver disease 1220 (100.0) 44 (3.6) 9839 (100.0) 44 (0.5) <0.001
gi?\;‘l’arycd?sgg“i"e 1220 (100.0) 61 (5.0) 9839 (100.0) 235 (2.7) <0.001
Cancer 1220 (100.0) 83 (6.8) 9839 (100.0) 180 (2.1) <0.001
Baseline drug use, n (%0)

Metformin 1220 (100.0) 737 (60.4) 9839 (100.0) 0 <0.001
Sulphonylureas 1220 (100.0) 385 (31.6) 9839 (100.0) 0 <0.001
DPP-4 inhibitors 1220 (100.0) 199 (16.3) 9839 (100.0) 0 <0.001
Thiazolidinediones 1220 (100.0) 90 (7.4) 9839 (100.0) 0 <0.001
SGLT-2 inhibitors 1220 (100.0) 78 (6.4) 9839 (100.0) 0 <0.001
GLP1 receptor agonists 1220 (100.0) 13 (1.1) 9839 (100.0) 0 0.011
Insulin 1220 (100.0) 273 (22.4) 9839 (100.0) 0 <0.001
Statins 1220 (100.0) 709 (58.1) 9839 (100.0) 572 (6.6) <0.001
(I?rllcj)gsd pressure lowering 1220 (100.0) 691 (56.6) 9839 (100.0) 1108 (12.9) <0.001
RAAS inhibitors 1220 (100.0) 590 (48.4) 9839 (100.0) 452 (5.2) <0.001
In-hospital treatment, n (%0)

Oseltamivir 1220 (100.0) 16 (1.3) 9839 (100.0) 63 (0.7) 0.051
Ribavirin 1220 (100.0) 396 (32.5) 9839 (100.0) 1823 (21.2) <0.001
Lopinavir-ritonavir 1220 (100.0) 335 (27.5) 9839 (100.0) 1542 (17.9) <0.001
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Interferon beta 1220 (100.0) 725 (59.4) 9839 (100.0) 2702 (31.3) <0.001
Antibiotic therapy 1220 (100.0) 755 (61.9) 9839 (100.0) 2769 (32.1) <0.001
Anti-fungal therapy 1220 (100.0) 124 (10.2) 9839 (100.0) 265 (3.1) <0.001
Corticosteroid 1220 (100.0) 623 (51.1) 9839 (100.0) 1747 (20.3) <0.001
Pulse methylprednisolone 1220 (100.0) 5(0.4) 9839 (100.0) 7(0.1) 0.011
g;grgxﬁgous immune 1220 (100.0) 6 (0.5) 9839 (100.0) 9(0.2) 0.007
Clinical outcome, n (%)
ICU admission 1220 (100.0) 187 (15.3) 9839 (100.0) 269 (3.1) <0.001
Mechanical ventilation 1220 (100.0) 110 (9.0) 9839 (100.0) 142 (1.7) <0.001
In-hospital death 1220 (100.0) 90 (7.4) 9839 (100.0) 105 (1.2) <0.001
ICU admission,
mechanical ventilation 1220 (100.0) 235 (19.3) 9839 (100.0) 340 (3.9) <0.001

and/or in-hospital death

Data are presented as mean + standard deviation or median (interquartile range) for continuous variables, and number (percentage) for categorical variables

BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP1, glucagon-like peptide 1; HDL, high density-lipoprotein; ICU, intensive care unit; LDL, low

density-lipoprotein; RAAS, renin-angiotensin-aldosterone system; SGLT-2, sodium glucose co-transporter-2
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Supplementary Table 3: Laboratory results on admission and in-hospital treatment of patients with type 2 diabetes according to baseline use or

non-use of metformin, sulphonylureas, DPP-4 inhibitors and insulin

Metformin Sulphonylureas DPP-4 inhibitors Insulin
Non- Non- Non- Non-
Users USErs p-value Users USers p-value Users USers p-value Users USErs p-value
Number 737 254 385 679 199 952 273 623
Laboratory results on admission
Random glucose, | 8.1 (6.4, | 7.1 (6.0, 8.7(6.5 | 75(6.1, 8.7 (6.6, | 8.0 (6.4, 9.2(6.6, | 7.6 (6.2,
mmol/L 11.0) 00) | <0001 | "5y 07y | 0001 | i 1) | 0108 | Tiog 95 | <0001
137.0 138.0 137.0 138.0 136.0 137.0 136.0 138.0
Sodium, mmol/L (134.0, (135.0, 0.018 (134.0, (135.0, 0.001 (134.0, (134.0, 0.01 (133.0, (136.0, <0.001
139.0) 140.0) 139.0) 140.0) 139.0) 139.0) 138.0) 140.0)
Potassium, 3.9 (3.6, | 3.8(3.5, 3.9(3.6, | 3.8(3.5, 4.0 (3.7, | 3.8(3.5, 4.0 (3.6, | 3.8(3.5,
mmol/L 4.0) 42) 0.938 | “43 a2) | <0001 1 T a1) | <0001 Ta a1y | <0001
Creatinine 7.7 83.0 81.2 75.0 90.0 75.0 91.3 72.0
ol (63.0, (66.7, | <0.001 | (66.0, (62.8, | <0.001 | (70.0, (62.4, | <0.001 | (71.0, (61.0, | <0.001
H 98.0) | 124.0) 110.0) | 95.0) 138.0) | 94.0) 140.0) | 88.1)
38.4 375 38.0 38.7 37.0 38.7 36.0 39.7
Albumin, g/L (35.0, (33.0, 0.006 (34.1, (34.9, 0.076 (33.3, (35.0, 0.019 (32.0, (36.0, | <0.001
41.3) 41.0) 41.0) 41.7) 41.0) 41.7) 39.4) 42.1)
Total bilirubin, 7.9 (6.0, | 8.1 (6.0, 7.8(6.0, | 8.0(5.58, 75(5.4, | 8.0 (6.0, 8.0(5.8, | 8.0(6.0,
pmol/L 10.2) 12.0) 0.164 10.0) 11.0) 0.580 10.4) 11.0) 0.116 10.6) 10.6) 0.604
67.3 74.0 70.0 69.0 70.0 69.1 69.3 70.0
ALP, U/L (55.1, (60.0, | <0.001 | (57.0, (56.0, 0.752 (57.0, (57.0, 0.789 (55.0, (57.5, 0.843
82.0) 92.4) 84.0) 84.0) 83.0) 84.8) 88.0) 83.5)
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27.0 25.1 278 26.1 26.0 27.0 24.4 28.6
ALT, U/L (180, | (169, | 0295 | (200, | (170, | 0142 | (178, | (80, | 0145 | (170, | (190, | <0.001
395 | 37.0) 39.4) | 41.0) 34.9) | 417) 36.0) | 42.8)
2130 | 2340 2140 | 219.0 2160 | 217.0 2460 | 209.0
LDH, U/L (178.0, | (192.0, | 0.002 | (183.0, | (180.0, | 0720 | (190.0, | (1810, | 0505 | (1920, | (175.0, | <0.001
277.0) | 303.0) 281.0) | 281.0) 277.0) | 283.0) 362.0) | 254.0)
13(0.4, | 1.2(03, 1.7(0.4, | 1.1 (04, 15(0.4, | 1.3 (0.4 2.9(05, | 0.8(0.3,
CRP, mg/dL A 5.0) 0.980 | “g 2.9 0032 | “35 46) 0376 | “7%) 26) | <0001
38.6 47.0 43.0 37.0 45.6 39.8 46.0 34.0
ESR, mm/hour (10, | (225, | 0060 | (205, | (210, | 0844 | (215 | (210, | 0622 | (250, | (185 | 0.002
65.2) | 84.1) 68.0) | 64.0) 725 | 68.0) 80.0) | 535)
Procalcitonin, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(0.1, 0.1(0.1, | 0.1(01, 0.1(0.1, | 0.1(01,
ng/mL 0.3) 03) | 290 | To3 03 | 2% | o3 03 | 238 | To3 0.1) | <000l
. 13.0 12.9 12.9 132 12.9 132 12.9 132
'jfj‘i_mog'(’b'”’ (120, | (116 | 0225 | (118 | (2.1, | 0008 | (116, | (121, | 0003 | (115 | (121, | 0.002
g 140) | 14.2) 139) | 143) 139) | 143) 140) | 142)
White cell count, | 5.7 (4.6, | 5.7 (4.4, 5.8 (4.8, | 56 (4.4, 6.1 (46, | 5.6 (45, 6.1(48, | 55 (4.4,
Xx10%/L 7.2) 7.2) 0611 1 ™74 7.0) 00021 72 4 7.1) 0.03L | ") 69) | <0001
Lymphocyte 1.2(09, | 1.1(08, 12(09, | 1.2 (08, 11(08, | 1.2(0.9, 11(08, | 1.2 (0.9,
count, x10%/L 1.6) 1.5) 0.044 1.6) 1.5) 0.451 1.5) 1.6) 0.138 1.4) 17y | <000
olatelet count 2040 | 1880 2060 | 197.0 2040 | 1980 199.0 | 207.0
: (160.0, | (149.0, | 0.003 | (1610, | (156.0, | 0027 | (159.0, | (156.0, | 0.336 | (1510, | (166.0, | 0.101
X109/
254.0) | 234.0) 258.0) | 243.0) 249.0) | 250.0) 255.0) | 260.0)
orothrombin 11.9 121 11.9 11.9 121 11.9 121 118
kbbb (113, | (@14, | oooe | (14, | @13 | o819 | (w5 | (3, | 0026 | (15 | (112, | <0.001
' 125) | 129) 126) | 125) 128) | 125) 129) | 123)

In-hospital treatment, n (%)
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- 10.0 11.0
Oseltamivir 9(122) | 2079 | 0739 |50(13) | g 1 |s0as) | gy | 072 |70@8) |600)| 0074
— 236 84 1250 | 2210 750 | 290.0 1030 | 1850
Ribavirin @320) | @31 | 288 | @25 | (325) 1 @77 | @05 | %90 | 377 | o7 | 0922
Lopinavir- 200 73 1100 | 184.0 530 | 2560 930 | 125.0
ritonavir @) | @87 | %% | se) | 71) | 9% | (266) | (26.9) 1 @341) | (0.1) | <000
425 164 2200 | 409.0 1220 | 556.0 1870 | 3090
Interferon beta (57.7) (64.6) 0.063 (57.1) (60.2) 0.357 (61.3) (58.2) 0.498 (68.5) (49.6) <0.001
Antibiotic 444 176 2460 | 4050 1250 | 5820 2100 | 2730
therapy ©02) | 69.3) | 9 | 639) | 96) | 91 | 628 | 611 | O | (769) | (3g | 000
Anti-fungal 80 26 520 | 580 320 | 810 470 | 400
therapy 109 | w02 | 28 | @35 | @5 | 9% | @y | @5 | %99 | a2 | (64 | 00
. . 367 142 201.0 | 3300 1080 | 4750 1680 | 2030
Corticosteroid (49.8) (55.9) 0.108 (52.2) (48.6) 0.286 (54.3) (49.9) 0.296 (61.5) (32.6) <0.001
Pulse
methylprednisolo | 2(027) | 1(039) | 1 | 1.0(03) | 40(0.6)| 0659 |0.0(00) |40(04) | 1 |1.0(04)|10(0.2) | 0517
ne
IVIG 2(027) | 2(0.79) | 0272 | 20(05) | 20(0.3) | 0623 | 0.0(0.0) | 5.0(0.5) | 059 | 20(0.7) | 0.0(0.0) | 0.093

Data are presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables

ALP, alkaline phosphatase; ALT, alanine transaminase; CRP, C-reactive protein; DPP-4, dipeptidyl peptidase-4; ESR, erythrocyte sedimentation rate; IVIG,

intravenous immune globulin; LDH, lactate dehydrogenase
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Supplementary Table 4: Incidence rate, per 1,000 person-year, of clinical outcome from COVID-19 according to baseline use or non-use of

metformin, sulphonylureas, DPP-4 inhibitors and insulin

Metformin Sulfonylureas DPP4-inhibitors Insulin
Non- Non- Non- Non-
Users p-value Users p-value Users p-value Users p-value
users users users users
ICU admission 4176.3 | 4063.2 0.879 6185.6 | 3042.6 | <0.001 | 4146.0 | 3958.9 0.814 7525.9 783.6 <0.001
Mechanical ventilation | 2101.5 1885.2 0.648 2894.0 | 1437.5 0.001 2287.6 1839.8 0.366 3519.7 179.8 <0.001
In-hospital death 1258.8 2946.5 | <0.001 | 1673.1 1454.3 0.530 1561.2 1521.9 0.923 1734.8 977.2 0.036
ICU admission
mechanical ventilation
] ] 49141 6633.4 0.043 7134.4 | 4202.9 | <0.001 | 5186.2 | 5100.3 0.924 8728.4 1615.4 | <0.001
and/or in-hospital
death

DPP-4, dipeptidyl peptidase-4; ICU, intensive care unit
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Supplementary Table 5: Multivariate Cox regression with propensity score weighting for the association between baseline use of glucose-

lowering drugs and clinical outcome

and/or in-hospital
death, n (%)

Metformin Sulphonylureas DPP-4 inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
ICU admission, n (%) 0.51 (0.30, 0.86) 0.012 1.42 (0.90, 2.25) 0.131 0.46 (0.28, 0.76) 0.002 | 9.79 (4.26,22.50) | <0.001
Mechanical 21.21 (4.40,
o 0.29 (0.12, 0.72) 0.008 1.30 (0.70, 2.44) 0.405 0.42 (0.18, 0.98) 0.044 <0.001
ventilation, n (%) 102.31)
In-hospital death, n
) 0.45 (0.23, 0.89) 0.022 2.87 (1.40, 5.88) 0.004 0.78 (0.38, 1.59) 0.487 | 2.86(0.81, 10.13) 0.103
0
ICU admission,
mechanical ventilation
0.53 (0.35, 0.81) 0.003 1.55 (1.02, 2.34) 0.04 0.48 (0.30, 0.76) 0.002 | 5.90(3.41,10.20) | <0.001

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular disease,

chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), baseline use of other glucose-lowering drugs, statins and RAAS

inhibitors, in-hospital use of other glucose-lowering drugs, and propensity score

Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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Supplementary Table 6: Multivariate Cox regression for the association between baseline use of glucose-lowering drugs and clinical outcome

after excluding patients who were identified as having diabetes based on a single fasting plasma glucose (n=25)

Metformin Sulfonylureas DPP4-inhibitors Insulin
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
ICU admission 0.58 (0.35, 0.97) 0.039 1.48 (0.97, 2.25) 0.067 0.48 (0.29, 0.79) 0.004 |12.49(5.85, 26.68) | <0.001
Mechanical ventilation 0.49 (0.25, 0.97) 0.039 1.36 (0.77, 2.39) 0.286 0.62 (0.32, 1.20) 0.153 (34.23 (4.40, 266.34)| <0.001
In-hospital death 0.47 (0.25,0.90) | 0.023 | 2.36(1.21,4.58) | 0.011 0.70 (0.35,1.39) | 0.303 | 3.28(1.21,8.91) | 0.020
ICU admission,
mechanical ventilation 0.53 (0.35, 0.82) 0.004 1.56 (1.07, 2.28) 0.020 0.47 (0.30, 0.74) <0.001 | 6.44(3.71,11.20) | <0.001

and/or in-hospital death

Adjusted for age, sex, smoking, diabetes duration, HbAlc level, comorbidities (hypertension, coronary heart disease, heart failure, cerebrovascular disease,

chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), baseline use of other glucose-lowering drugs, statins and RAAS

inhibitors, and in-hospital use of other glucose-lowering drugs

Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; ICU, intensive care unit; RAAS, renin-angiotensin-aldosterone system
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1,3
abstract
(b) Provide in the abstract an informative and balanced summary of what was
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 4-5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 5-6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 5-6
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8-9
confounding
(b) Describe any methods used to examine subgroups and interactions
(¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(¢) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 9-
and information on exposures and potential confounders 5(5)1
26
(b) Indicate number of participants with missing data for each variable of interest
(¢) Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Report numbers of outcome events or summary measures over time 10
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16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period

10-
11

9 Other analyses

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

11

12 Discussion
13 Key results

18

Summarise key results with reference to study objectives

11

14 Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias

15

17 Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

16

19 Generalisability 21

Discuss the generalisability (external validity) of the study results

16

21 Other information

22 Funding

22

Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

N/A

26 *@Give information separately for exposed and unexposed groups.

30 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

31 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

32 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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